“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1974 


Design-to-cost: concept and application 


Horn, Noel Paul; Dabbieri, Peter Vincent Jr. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/16963 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


DESIGN-TO-COST: CONCEPT AND APPLICATION 


Noel Paul Horn 








LN 
- Soh 
fs, OO A oh! W\ 


+ 
2% 
Fe 





DESIGN-TO-COST: CONCEPT AND APPLICATION 
Dey, 
Noel Paul Horn 
and 
Better Vancent Dabbier1, Jr. 
December 1974 


/ Thesis Advisors: John W. Creighton 
John F. Bodenburg 


Approved for public release; distribution wy b 9 0 . 








BASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


1. REPORT NUMBER 


4. TITLE (and Subdtitie) 


Design-to-Cost: Concept and Application 


RKaAD INSTRUCTIONS 
BEFORE COMPLETING FORM 


2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER 









5. TYPE OF REPORT & PERIOD COVERED 


6. PERFORMING ORG. REPORT NUMBER 


. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s8) 


Noel Paul Horn 
Peter Vincent Dabbieri, Jr. 





10. PROGRAM ELEMENT, PROJECT, TASK 


- PERFORMING ORGANIZATION NAME AND ADORESS 
AREA & WORK UNIT NUMBERS 


Naval Postgraduate School 
Monterey, California 93940 








12. REPORT DATE 


December 1974 


»- NUMBER OF PAGES 


LSS 


15. SECURITY CLASS. (of thie report) 


Unclassified 






- CONTROLLING OFFICE NAME AND ADDRESS 













Naval Postgraduate School 
Monterey, California 93940 








- MONITORING AGENCY NAME & ADORESS/(if different from Controlling Offico) 


Naval Postgraduate School 
Monterey, California 93940 








Sa. DECL ASSIFICATION/ DOWNGRADING 


SCHEDULE 


16. DISTRIBUTION STATEMENT (of thie Report) 


Approved for public release; distribution unlimited. 





OS eS 


17. OISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) 


16. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverses side if neceeeary and identity by block numbez) 


Mes men-wO-. OS t Procurement 
Weapons Acquisition Defense Systens 
Procurement Policy 


eS eM CS ER eS ee eS 


20. ABSTRACT (Continue on reveres side if necessary end identify by block number) 


Design-to-Cost has been instituted as one of several reforms 
SOvevarencnt of Metemse procurement practices. This thesis . 
PmeSenusmidstorreil meeds for such rerorms . Design-to-Cost 1s 
described and placed in context with other policy revisions. 
Impacts of recent changes and resultant controversies are 
explored. Sample cases display the actual implementation of 
Design-to-Cost. Problem areas are enumerated and remedial 

















Thee Te ? 
FORM —— 
DD , jan 73 1473 EDITION OF | NOV 63 1S OBSOLETE on 
(Page 1) S/N 0102-°014- 6601 | iG NS ED . - 
1 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 





UNCLASSIFIED ' 


SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered: 


actions proposed. 





DD Form, eye (BACH) NeLARE 
Th a = UN laf oo JOGIs. De 
S/N 0102-014-6601 ? SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered) 





Design-to-Cost: Concept and Application 


by 


Noel Paul ,Horn 
Lieutenant, United States Navy 
M.S., Naval Postgraduate School, 1974 


and 
Peter Vincent Dabbieri, Jr. 


Lieutenant, United States Navy 
M.S., Naval Postgraduate School, 1973 


Submitted in partial fulfillment of the 
requirements for the degree of 
MASTER OF SCIENCE IN MANAGEMENT 

From ine 


NAVAL POSTGRADUATE SCHOOL 
December 1974 





igi 
" KNOX LIPRARY 


ATE SCHOUg 
IA ©3 yay 


ABSTRACT 


Design-to-Cost has been instituted as one of several 
reforms to Department of Defense procurement practices. 
his thesis presents historical needs for such reforms. 
Design-to-Cost is described dud placed. im, context with 
other policy revisions. Impacts of recent changes and 
resultant controversies are explored. Sample cases display 
the actual implementation of Design-to-Cost. Problem areas 


are enumerated and remedial actions proposed. 
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I. INTRODUCTION 


The Department of Defense (DOD) has undergone sweeping 
changes during recent years with respect to its procurement 
practices. Many new policies have been instituted, either 
as temporary fixes, or as possible long range solutions to 
diverse procurement problems. As with most sudden organi- 
zational changes, the reactions to these changes have been 
mixed. This thesis addresses the implementation of Design- 
to-Cost (DTC) from the points of view of policy and appli- 


eations. 


Peon EORPOSE OF THE PAPER 

Since the middle 1960's DOD has experienced gigantic in- 
creases in weapon system costs. This has been accompanied 
by increasing criticism, charges of mismanagement, and, in 
some cases, accusations of outright dishonesty and fraud on 
the parts of both government employees and contractors. Re- 
actions by the press, public, and Congress have resulted in 
closer scrutiny than ever before of DOD policies and actions. 
iaemcctewse DUdeet, once by tar the largest component of 
fedehalespendine, has become a favorite target for cost 
cutters of various motivations. As a result, DOD funding has 
noo MuedeTematively f£1xcd 1m purchasing power while overall 
PomMetimiehuaisspendine Sets mew records cach year. As a result, 
the growing costs of developing systems are rapidly outstrip- 
Pinte wwOvEseabi lity to atiford thems Prospects for softening 


ee 











of these budgetary constraints in the foreseeable future are 
dim (Ref. 1). 

The manner in which DTC was imposed by the Secretary of 
Defense (SECDEF) in the early 1970's gave little direct guid- 
ance concerning its application. Having been provided with 
only a general statement of policy, lower level managers were 
left in a position of having to solve many of the practical 
problems of its implementation. Such an approach, while 
being very broad and flexible, has also led to a large amount 
of uncertainty and confusion. The volumes of material written 
Since have only partially alleviated the problem. 

Life cycle cost (LCC), the overall cost of development, 
acquisition, ownership, and disposal of a system, has been 
imposed aS a primary design parameter. In practice, however, 
this has been true only in rare instances, not because of 
disinterest, but rather because few people, if any, know how 
to do it. Weapon system life cycle costs have little in the 
way of historical material from which to draw. The data that 
does exist is largely unavailable or grossly distorted by 
inconsistent cost definitions and accounting practices. In 
aieerLOrt £6 overcome these difficulties, parametric cost 
estimating relationships (CER) have been developed. This 
is a new concept, which uses available empirical historical 
cost data to predict new weapon system costs. Being new, 
Enewapplicability and reliability of CER's is not yet fully 


demonstrated. 


Raiener thanecesioning to minimize life cycle costs, mini- 
mum unit production costs (UPC) have become the primary 
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cost considerations. This is more or less by default, due to 
State of the art limitations for defining LCC. Even this UPC 
is subject to differing definitions. Studies have shown a 
lack of a standardized approach to any of these problems. 

Finally, there is a serious question as to how or even 
iLge Design-to-Cost should be applied to procurement projects 
already in development. 

The intent of this study is to offer some recommendations 
toward the solution of the many problems confronting the imple- 
mentation of Design-to-Cost, and to suggest areas in which 
further study is required. In order to accomplish this, a 
comprehensive literature review was performed. This was 
followed by field trips to the Naval Weapons Center (NWC) 
China Lake, California where the concept is being applied to 
various naval weapon system procurements. The authors inter- 
viewed the management personnel responsible for contract 
development and administration at a variety of project of- 
fices to obtain first hand information concerning the current 
problems being faced by middle management. In addition to 
this, telephone interviews were conducted with personnel 
associated with other Navy, Army, and Air Force projects. 

LvesnOctdisesealeetcd 10% Frevleweare all aerospace pro- 
Tecets, ileoweCvVecrwetieyerange in size from a small subsystem 
component procurement to a major weapon system acquisition. 
The stage of development of the selected programs also varies, 
Pramerne wedmey Stares of Conceptual planning in one case, to 


aneotmer for Which a contract was awarded for initiel product ¥en. 
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By HEFINITIONS OF DESIGN-TO-COST 

The confusion and controversy concerning DTC begins with 
basic aims and definitions. As will be shown, the major 
policy setting levels within DOD have not agreed upon some 
important points. 

The Secretary of Defense in imposing DTC upon the services 
in DOD Directive 5000.1 (Ref. 2) stated: 


"Cost parameters shall be established which consider 
PicmeorteOmetcdulclt 10m amdsownership; discrete cost ele- 
Mec, Untt productton COSt, Operating and support 
cost) shall be translated into 'design to' requirements. 
System development shall be continuously evaluated against 
these requirements with the same rigor as that applied to 
ECChimicalereduinmemencS «<8 Tactical tradeotrs shall be made 
between system capability, cost, and schedule." 


Thus, one sees that basic DTC philosophy is built around 
LCC, including production and later operating and support 
costs. 

Ths tends to contrast with the Joint Service Agreement 
(Ref. 3) on how DTC is to be approached: 


“"Design-to-Cost 18 a process utilizing unit cost goals 
as thresholds for managers and as design parameters for 
engineers. ASingle average ‘Unit Flyaway Cost' goal is 
approved by DSARC for the program. This goal is then 
broken down into unit production cost (UPC) goals by the 
Program Manager and provided to each contractor or in- 
Mowse Source for the appropriate major subsystem. fhe 
dollar value for each goal represents what the government 
haemcecabiished aS Aan amoune 1t Can atiord (1.e€., 15 
Viliigeand aplej to pay £or a unit of military equipment 
or major subsystem which meets established and measurable 
perrormmanece requirements at a specified production quantity 
did wariremduUninig a Specified period of time. 


JM ImOdteetron cost, scenedulle, ana performance goals 
li MmniOmmiNcwacite vcd elt etinomexpense o1 life cycle cost.” 


Now one sees why DTC has addressed primarily UPC and made LCC 


merely a secondary consideration. In this context, LCC is 


18 





defined to include research, development, test § evaluation 
(RDT&E) as well as UPC and operations and support (0§S) costs. 

Other highly placed sources within DOD have written: 

". ,. .design to a price means that DOD will establish a 
unit production price that the defense budget allows and 
reflects the military value of the equipment. Attainment 
Stwuhnat price willie be made a criterion of procurement. 
(Ref. 4). 

In this case DTC addresses only UPC. 

This seeming lack of coordination and understanding at 
the highest levels of DOD management has done little to aid 
the practitioners in the field. One now finds individual 
projects defining cost goals and their attainment in any 
manner convenient. 

Obviously, from a cost control standpoint, there must be 
some sort of baiance seeween UPC ged cverell ICC. @Witat this 
is and how it is achieved has never been authoritatively 


stated. 


C. REQUIREMENT FOR IMPLEMENTATION OF DESIGN-TO-COST 

DeopAaGcinchtU Ome crensc Ditcetine 000L I. (Ret. 2) rormalily 
prescribes a new approach to weapons procurement. General 
policies were revised for all major systems. In addition, 
Specific actions and guidelines were delineated for a new 
acquisition cycle. These guidelines included the requirement 
Omni pkement. ln. 

Lito eiiokenenhuationso: DIG has been the subject of con- 
siderable uncertainty and contrceversy and is examined in 


CE Ssmesteldy ai nee tai 1: 


ES 





Pie neo TORY JOP EVENTS LEADING! TO THE 
REQUIREMENT FOR DESIGN-TO-COST 


The historical background of events leading to the 
institution of DTC and other procurement changes are dis- 


cussed in this section. 


A. McNAMARA PHILOSOPHY 

During the middle 1960's the Department of Defense 
operated with Secretary McNamara's Planning, Programming, 
Budgeting (PPB) system. Under this structure the services 
pcm Uilnheetcamto Meet their worldwide commitments in a “cost 
effective" manner. Little, if any, fiscal guidance was given 
PomorewmiMmebuciy Dilagiers. |! rOpram Cireceors were cCiven wa 
explicit spending ceilings (Ref. 5). McNamara, himself, 
Staucd; “2. 4. the United States is well able to spend what- 
Ever Leemleeds to spend on national security" (Ref. 6). The 
overall defense budget was to be sized to meet whatever 
foreign policy objectives were sought. 

Hemlce planners sotven Lound at difficult, nowever, (to 
smmeaem torce level increases from the Office of the Secretary 
of Defense (OSD) or Congress. For this reason, the military 
Planners tien denandged the highest neeSsbile performance from 
such weapons as were available. Designers were encouraged 
Pmcontinudmiveadvance the technical state of the art. In- 
creased performance became the only real goal and was sought 


at the expense of all else (Ref. 7). 
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This era also saw the advent of the total package pro- 
curement concept. The entire acquisition of a system, from 
basic R&D to final production, was to be accomplished under 
one fixed price contract. The commercial world had shown 
this to be a viable approach for a relatively simple product, 
to be produced in a short period of time, and when complete 
and accurate specifications were available. The contractor 
must know exactly what is expected and how he will produce 
PeweeUntOrtunately, this type procurement procedure did not 
produce the results expected of it for major weapons systems. 
Difficult and conflicting demands resulted from questions of 
Cost, complexity, or even feasibility. Contracts were awarded 
to the lowest bidders, in some cases the most desperately in 
meed of business. When their efforts faltered, they then 
turned to the government to be bailed out of disaster. While 
icem i mrncorys this sapprodem juste did not work owt in pree- 
beace (Ref. 8). 

Polmeltese revolved around Ome Critical assumption, thie 
availability of adequate funding. Planners needed to concern 
themselves only with avoiding waste or overly provocative 
actions. Recent history and present Congressional mood have 
subverted this assumption. Budget cuts are becoming increas- 
ingly restrictive. Almost half of what money does remain in 
CicmOUMDIdtet Ges INtOucsealatise personnel costs. Indeed, 


the future looks quite forbidding. 
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B. COST GROWTH 

While it is universally known that weapons costs have 
escalated steadily during recent generations, controversies 
have tended to center about aspects of this cost growth that 
relate to policy and procedures. A recent study of these 
cost areas, commissioned by Congress and conducted by the 
Comptroller General (Ref. 9), outlines three major causes 
ot Cost POnen: improved weapons capability, inadequate 
cost estimating ability, and requirements changes. 

Pee lmiproved Capability 

With the advancement of technology, new weapon systems 

agemconstantly being developed, seeking wider and increased 
performance capabilities. Resultant increased costs, however, 
io ioumlcecsoa,1 1, imply provpertional performance increases. 


Table I shows cost/thrust ratios for jet engines since 1956. 


TABLE I 
COST AND PERFORMANCE DATA RELATING TO AIRCRAFT ENGINES 


Deployment Max. Engine Cost Per Engine Cost Per Pound 


Pomerat t Year Thrust (1bf)  ($ Millions) of Thrust 

F -86H Wine 8,920 ~ 54 $38.10 

Pee Oe IS) sis 16,000 ee) NOS 

F-4E 1967 ee 00 24 e240 

R= 5 eZ More than 1.00 43.50 
23,000 


(FY 1974 Dollars) 
Pine  lWeamsoldysS thc tesSults of studies of dircratt 
Co eeu eneace> Telated £o their respective performance fains. 
Even in constant dollars, cost increases appear to outgain 


System performance. 
oz 





REGREorwe EVE RELATIVE INCREASES IN COST 
AND PERFORMANCE FOR THIRTEEN MAJOR SETS 
OF AIRCRAFT WEAPON SYSTEMS SINCE 
WORLD WAR II 
















a | cost PERFORMANCE 

COST OR {R&D |UNIT|PAYLOAD] RANGE OR|SPEED|AVIONICS| CREW |DELIVERY OR 
PERFORMANCE |COST| COST COMFORT |NAVIGATION 
FUNCTION & SAFETY] ACCURACY 
FACTOR OF 15,4/4.2| 2.3 ee 1.8 | 3.0 3.0 3.0 
INCREASE 


NOTE: FACTORS OF INCREASE ILLUSTRATE THE PROPORTIONAL INCREASES OF 
SPECIFIED COSTS OR PERFORMANCE PARAMETERS FOR NEW WEAPON SYSTEMS OVER 
THOSE BEING REPLACED, THESE FIGURES REPRESENT THE RESULTS FROM 13 
WEAPON SYSTEM STUDIES FOR AIRCRAFT DEVELOPED SINCE WW II. 


FIG 1 












2. Inadequate Cost Estimating Ability 





The inability to agmimac Secuseor Collmeresil tS. tue oces 
overruns. In order to avoid confusion surrounding the many 
various definitions advanced by persons with various view- 
points, the description assigned by the Comptroller General 
will be applied. Cost overruns are the difference between 
projected or "advertized" costs for a weapons project and 
‘the actual costs incurred by the public. Cost overruns are 
meldtedprimarily to three Cause factors (Fig. 2}. It is to 
be noted that current estimates at the time of this study 
(30 June 1972) dealt with systems still under development, 
hence all related total program cost increases are not yet 
included. Estimating errors due to technology, comprising 
about 25% of the total overruns, are due largely to the push 
fOr Detrormance, technical state of the art, and overoptimism 
MeEiceprESwoOn DOI Conttactors Scéking business and services 
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seeking program approval. The second major source of 
estimating error is related to inflationary cost increases, 


in most cases out of the control of both contractual parties. 


ANALYSIS OF PROGRAM COST HISTORIES ON 45 WEAPON SYSTEMS 
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cee Keccultrements Changes 


The largest cause of cost overruns is unforeseen 
changes in requirements. These program changes may be due 
to revisions of specifications relating to overly ambitious 
performance goals and associated state of the art type tech- 
nological roadblocks. Other changes have historically been 


PoUMiineheerat onse to schedules, due cither to unanticipated 
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delays or accelerations. Procurement numbers may suddenly 
Baececwdugculewetts. thereby Sharply increasing costs per copy. 
These actions have been most noticeable in cases where pro- 
duction has been concurrent with development. Finally, there 
is the costly engineering change proposal (ECP) resulting from 
Changed requirements or threat scenarios, demanding upgraded 
performance. Unfortunately, however, many ECP's can be traced 
to poorly developed, ambiguous, or inadequate specifications. 
acai. COncurrene production 15 hardest hit by these costly 
memnoOrrlises Ihe C-25A doubled its projected costs within less 
than a five-year period, while another study of some twelve 
major systems showed current estimates equal t6°3.2 times the 


Original estimates. 


C. EFFECTS OF RECENT TRENDS IN WEAPONS PROCUREMENT 

The increasing complexities and costs related to weapons 
procurement have had numerous dangerous effects upon military 
combat readiness. These are explained in the following para- 
graphs: 

Pee wevcCin capo oy Ss cems  Aequired 

Increased program costs, coupled with decreasing bud- 

gets, have led to massive reductions in the numbers of items 
PROctucd ais trend 1s allustrated in Table Il. These fewer 
weapons procured by DOD can have severe effects upon national 
defense posture. A system that can be deployed in only one- 
third the numbers as its predecessor must then be at least 
PImecutinesmaswCrEPective just to break even. Even then, the 


SUppeccad Dener1us Of costly new syStems aren't realized. 


jigs 





TABLE [ff 


PROGRAM REDUCTIONS RELATED TO PROGRAM COSTS 


Original Original Program Current Current Program 

Quantity Cost Projection Quantity Cost Projections 
System Planned ($ Millions) Planned ($ Millions) 
C5-A 120 3,423.0 81 4,526.0 
DLGN-38 ZO 3,980.0 5 820.0 
F-14 710 6,166.0 BAUS Dee 60 
111 1b Sites: 4,686.0 466 6,994.0 
LHA 9 .c0r. 5 5 SNe 
MARK-48 (a) Weiss (a) eon 
SAM-D (a) aS) LL(S) ace (a) 5,240.5 


(a) Classified 
2. Increased Weapons Complexity 
The more complexities built into increasingly sophis- 
bicated systems, the more possible areas for failures. 
Down-times due to each failure increase with complexity and 
Sensitivity. This translates to fewer up systems available 
at any time. These fewer systems ready simplify enemy targeting 
or €vasion problems. 
53. Reduced Training 
Field commanders, faced with conserving these costly 
assets, will in many cases reduce training. Military readi- 
ness is thereby even further degraded. 
eee sty Op cima sm 
These problems have also had undesirable effects upon 
ime ww Len procurement curtailed and fewer contracts let, 


PReCoo prodictive Capacity increases. Competitive pressure 


ZO 





grows aS companies fight ever harder for the few remaining 
femeracts, ihis, in turm, leads to undue promises of system 
capabilities. To stay afloat, unrealistic cost estimates may 
be submitted to "buy into" contracts. 
Seelooo or LTublieucConnmidaence 

As a result, costly program failures or bailouts have 
Becurred, which have received wide attention in the press. 
Loss of public confidence is mirrored in increased Congressional 
meessures. 

Cee xcessive Managenent Restrictions 

Ever increasing numbers of rules and rigid policies 
result from efforts by Congress to interject itself into day- 
to-day management decisions (Ref. 10). The able people available 
find themselves hamstrung by inflexible ou sia mes lt ayc fem 
that the talented people are there, but better training is 
meeacd. Experience has shown these people can function when a 
Eritical project must be done expeditiously, but the bureaucracy 
must often be bypassed in these cases (Ref. 8). 

The adversary environment that has grown up between DOD 
and Congress must be dispelled. Regained cooperation and under- 


Scanding 1S vital to any improvements. 


Zi 








Pte ENTRODUCTION OF DESIGN-TO-COST 
Opie ee Ri MeENT OF DEFENSE 

In mid 1971, Design-to-Cost was formally imposed by OSD 
as part of a series of sweeping changes to DOD procurement 
policies. In order to place DIC into its proper context with 
other reforms, a review is made of implementing directives and 
their impact upon Navy procurement. The directive initiating 
these procurement reforms, DOD Directive 5000.1, and the Joint 
Pesigon-to-Cost Guide, representing the services' interpreta- 
tion and reply to DTC are examined. Actual implementation of 
DOD Directive 5000.1 within the naval establishment by SECNAV 
Instruction 5000.1 is detailed. The authors describe the basic 
philosophical changes required within DOD to adopt DTC and then 
MONpatnemcnese Ideas with current Commercial practice. the 
setting of cost and performance goals and resultant tradeoffs 
are explored Finally, a brief survey is made of reactions by 


DOD and contractor personnel to DTC and its implementation. 


eee VOD DIRECTIVE 5000.1 

This directive (Ref. 2) represents a major change in DOD 
procurement strategy. Providing overall policy guidance for 
Seleimayor acquisitions, it has been known as both the Bible 
mor VOU procurement and David Packard's legacy to defense 
system management (Ref. 11). 

Woveraccwamewtnils digective cCncompasses all major programs. 


such programs are herein defined as having either projected 
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RDT&E costs in excess of rey, million dollars, or production 
costs of greater than two hundred million, or any other spec- 
ified programs of national urgency. In addition, the manage- 
ment principles are declared applicable to all programs. 
These management principles are not clearly defined here. 

The question arises, for example, as to whether DTC must be 
applied to small programs whose size is below the thresholds 
listed above. Interviews with program administrators at NWC 
China Lake indicate this may not be the case. Other reputable 
sources, however, claim that DTC must apply to all items in 
defense inventories (Ref. 12). 

One major thrust is toward decentralization of power and 
decision making authority to the maximum extent practicable. 
Mars Culurasts strong!iv with Sa McNamara era central contro] 
(Ref. 13). Individual program managers are to be granted broad 
authority to accomplish assigned objectives. Levels of super- 
visory authority are to be minimized. The presently heavy 
paperwork and reporting requirements laid upon these managers 
will be reduced, giving them more time for their Or Wale yen Cue ese 
The assignment, tenure, incentives, and rewards of program 
managers are to be made a subject of direct concern to DOD 
component heads. The primary burden of defining needs, devel- 
oping systems, and source selection is shifted to the individual 
services. OSD now provides only such overall policy guidance 
and supervision as is necessary. Major decisions regarding 
TeOpe wand die erlon Of Programs are made by SECDEF with the 


aid of the Defense Systems Acquisition Review Council (DSARC). 
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The DSARC cycle (Fig. 3) provides a general format for the 
acquisition process. Sweeping in nature, attempts have been 
Made to avoid unnecessary restrictions and rigidities upon 
the various kinds of programs. Specific development phases 
mre identified. Each phase is then followed by DSARC review 
before the process is resumed. These phases and reviews are 
described below. 

The conceptual phase makes use of independent basic and 
applied research. These studies are handled by the individual 
Senvrces which will direct initial activities as they deem 
appropriate. Efforts are confined largely to paper studies. 
The Development Concept Paper (DCP) is the final product of 
this phase, providing a brief (about twenty-page) summary of 
Plewproposed System. Included 1S a general statement ce necds 
Seeeninecats, percermance objectives of a countering system, 
alternative approaches available, the potential problems/risk 
iGeas associated with each, and an overall procurement strat- 
Soeeeune DCP 1s presented €o0 a first DSARC review, DSARC I, 
which recommends whether or not continued development is 
Pathanced. If so, program thresholds ‘are delineated for Later 
phases. 

The validation phase involves paper and hardware studies 
to determine feasibility of proposed ideas. The results are 
again presene@eed tor review to DSARC [1 where needs, LCC esti- 
mates, risks, and full-scale development plans are reviewed. 

Full-scale development involves final design engineering 


Peron ese rcsOlVNe risk areas and putting the whole 
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System together. DSARC III again reviews needs, costs, and 
benefits and then provides final fiscal guidance before 
production is commenced. 

As mentioned earlier, LCC has been declared a primary 
design parameter by DOD Directive 5000.1. Tradeoffs are 
conducted among costs, performance, and schedule to assure 
efficient procurement. Methods of tracking estimates and 
costs must be provided, using, as much as possible, the con- 
tractors' own management information systems. 

In order to better define risk areas and their solution, 
Beltance 1s placed upon actual hardware testing, rather than 
paper studies. This entails greater emphasis upon building 
mockups and actual prototypes, greatly increasing planning 
woe idence 

Contracting procedures are also changed. Total package 
procurement is banned. Each phase of development now involves 
yeopataccecontnacts. Development Contracts are of a cost 
BeomibUrsemcnic type, while production 1s of a fixed price 
ieture. Any ECP must be costed before approval - 

these policy guidelines reflect David Packard's personal 
management philosophies, providing low level responsibility 


and freedom with but general guidance from on top (Ref. 14). 


Dae Uni Or otGN=-TO=COSsT GUIDE 

DOVE ipCererve cU0U =I requir red implementation by the serv- 
Peco thiiimeo le cayawe however, final agreement by the services 
Mima OlMmesiecsiol-tO-cost gurde took welll over two years. 


Diemeesiiteis stitlvoniy a aereral approach to the DTC 
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problem (Ref. 3). Primary cost emphasis is shifted to UPC, 
giving LCC only passing attention. 

Specification of performance requirements for any devel- 
oping system involves a series of targets and thresholds. 
Targets indicate desired goals while thresholds represent 
minimum allowable performance. Tradeoffs are then conducted 
within these bounds in efforts to achieve target levels. 
Emphasis has changed from cost justification to cost reduction. 

ica wine recascdmilexibaimeuy 1s required. Once cost and 
performance thresholds are established, latitude must be 
given to program managers and contractors to allow tradeoffs 
Me eGOSt, perirormance (including maintenance and reliability), 
and delivery schedule. Specifications reflect desired results 
Bacher than dctazled “how to do at" directions. Design iter- 
ations involve tradeoffs to meet these thresholds. Develop- 
ment funding must be related to anticipated lower production 
EOSts. 

Cost goals currently include recurring and non-recurring 
production costs. This is in recognition of state of the art 
Jimitations for LCC. Continued pursuit of this technology 
and its use is encouraged. During the conceptual phase these 
cost inputs result from cost analyses supplemented by empir- 
tealeCER research. The average unit flyaway cost goals of 
DCP become official after DSARC approval. Once set, they may 
be changed only by SECDEF following another DSARC review. 
During the validation phase the contractor and propram man- 
agCErseek Oopcimum designs through tradeoffs and other 


improvements. Combinations of industrial engineering and 
oo 








parametric cost estimates provide firmer cost data. DSARC II 
is the latest time at which cost goals may be set. Obviously, 
the later cost imputs are made, the smaller will be the 
effects they will have upon designs. 

Critical to the entire program are the realism of cost 
and performance goals. Goals too easily attainable are 
wasteful. On the other hand, standards set too high, espec- 
lally in the area of costs, may destroy motivation or result 
in ineffective systems. To assess progress a tracking process 
is necessary, both for up-to-date feedback and as a historical 
record. This is normally done by standard work breakdown 
Structure (WBS) format as contained in MIL STD 881. Formats 
of required reports are also specified. 

MicmecottnacetMiierawic ences provede the basic interface 
between buyer and seller and, as such, have been given special 
DoLcmelone OStureimbursement Contracts are to be written 
for conceptual, validation, and full scale development phases. 
Initial production entails fixed price incentive with later 
buys requiring firm fixed prices. 

The basic criteria for these contractual relationships 
require legal enforceability. The contractor must have 
flexibility to make necessary tradeoffs. Means must be 
Prmovlacon On sthackine and enforcement of thresholds. Finally, 
motivation and incentives must be provided to ensure a task 
tomcaenempropecrily.. Ihe requirements for each phase dificr 
considerably. Early conceptual studies do not normally have 
Yigid cost goals. Instead, the emphasis is upon gathering 


data for later goal establishment. 
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The validation phase request for proposals (RFP) sets 
goals for both cost and performance. Specifications are 
limited to only those essential for output definition. Other 
information to be provided includes risk specification as 
currently known, configuration compatibility requirements, 
Schedule, employment scenario, and source selection criteria. 
Contractors are required to provide supporting data to back 
up estimates. The degree of flexibility afforded eertde cers 
depends directly upon the competitive climate. At any rate, 
source selection promises to be more difficult with increasing 
m@esilgnm irecdom. The contract during this time must address 
the above goals, tracking procedures, and escalation factors 
as well as necessary incentives. These incentives are not 
Menmcwly mecced, in Competitive Situations. Otherwise, an 
award fee may be deemed appropriate. 

Full scale development should include as much competition 
as possible. In many cases this may not be feasible. At any 
rate, the basic design configuration becomes more firm, allow- 
ing goals to be set for various subsystems. Contracts now 
Become more explicit in their requirements and flexibility 
diminishes. Special attention can now be given to tracking 
procedures and any required incentives. The incentives needed 
depend upon the level of competition. Incentive or award fees 
HimenvewmanwewOlutInce bon tave percent may be necded 1f no 
Sone le TOM exK1S CS - 

MilLcialeapeoductlon should be priced at DIC targets 


determined from the dev@lopm@nt phases. This is indeed the 
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Leotecedcd to determine whether DIC goals have been actually 
achieved. Tracking of costs should again use the contractor's 


management information system (MIS) as much as practicable. 


ce. oECNAV INSTRUCTION 5000.1 

The Navy's formal reply to DOD's sweeping procurement 
reforms came in March of 1972 and provided a far more detailed 
and specialized guidance (Ref. 15). Due emphasis was given 
to maximum practicable decentralization of authority and 
responsibility. Emphasizing flexibility, any unnecessary 
restrictions on management are to be avoided. Program charter 
authority is granted by the Chief of Naval Material, normally 
to a Systems Command (SYSCOM). Chartered program managers 
hold the rank of at least captain/colonel. Bounds of authority 
are explicitly stated in the charter. Any instructions from 
program managers must be passed via contracting officers. 
Field activities aan laboratories are tasked with providing 
MeCessary SUpPpOrt. 

Cost parameters address LCC goals and are equal in impor- 
Rance tO technical Inputs. Again, tradeoffs are required 
between all these factors. In addition, consideration is 
Pevel tO impacts upon the national economy. Cost estimates 
mottow the MIL ST) $88!t format to third level WBS elements. 
ivmeaddttion, operational and integrated logistic support (ILS) 
data is introduced as appropriate. All estimates are subject 
BOmENCEUCVIeEWS@OL ANOtLIGCr disinterested Organization. Any 
discrepancies or disagreements must be worked out before the 


PRCHeCeE May procted . 
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Industrial aid should be solicited in drawing up RFP's. 
Special care must be given, however, to protect any propri- 
etary data. Technical transfusion is promoted only where 
necessary. This may be done by encouraging joint agreements 
between companies. Such cooperation is not mandatory. 
Fimally, full understanding by industry of tradeoff factors 
and competitive selection criteria is absolutely essential. 

Tracking procedures are in accordance with Cost/Schedule 


womcerol Systems Criteria (C/SCSC). 


D. PHILOSOPHY CHANGE 

The reforms described above involved a difficult transi- 
tion for the services. DOD Directive 5000.1 was issued on 
13 July 1971 and allowed only ninety days for implementation. 
SECNAVINST 5000.1 was issued 13 March 1972, some eight months 
later. This document still addressed DTC largely in gener- 
alities. The Joint Design-to-Cost Guide was finally completed 
on 3 October 1973, nearly two years later than specified by 
OSD. The Guide admits: "Its basic intent is to identify 
what should be done with only a general approach of how to 
eevee. Ostensibly, this would allow a great deal of flexi- 
BIJity. In actual practice, however, this has resulted in 
Widespread confusion and uncertainty. The several authori- 
tative sources still have not agreed upon how to use LCC in 
mic determination of the DIC goals. Motivation to design to 
imeem seheaticed Simce DPSARC has agreed to accept UPC targets. 
In the background remains a large degree of skepticism as 


Si iethemetine Concent is eyen viablé (Ref. ll). In this 
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Environment of stated generalities and uncertain direction 
the individual projects must grope along by themselves. 

The recent emphasis upon cost is a foreign concept to DOD 
procurement. Traditional imputs to programs came largely 
from technical and intelligence communities. Cost was not 
a major factor. Today, however, costs may have become the 
dominant consideration (Ref. 16). Emphasis has shifted from 
Serely JUStItying Cost increases, to their reduction or total 
elimination. Perhaps most notable is the shift in ideals 
away from providing the best weaponry possible (Ref. 7). 
Rather than specifying the highest performance attainable, 
goals are set in bands with minimum acceptable output levels 
as the lower end and the desired performance characteristics 
meothe upper end. Tradeoffs are made for any improvements 
Beaween these leyels. 

Decentralized decision making authority is a major depart- 
eae from PPB tradition. As a result, individual project 
managers are to be given increased influence to accomplish 
their program objectives. Managers now have the authority 
to approve tradeoffs in technical and financial areas as 
Contractors proceed with design iterations. Another result 
PmulcuredUced paperwork and reporting requirement. This 
Should now allow more time for these added management activ- 
ities. Many of the diverse problems that now habitually arise 
do not have precise, school-type solutions. Greatly increased 
Sete moOr wilewproLectemanager 15 needed to meet these chal- 


lenges. Program managers are still bound by overall policy. 
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All instructions from managers must be formally passed by 
appropriate contracting officers. In the case of any dis- 
weecements COneerning policy, the decision of the project 
manager is regarded as binding, pending appeals (Ref. 15). 

Specification procedures are changing drastically in 
nature. Rigid "how to do it" specifications are being re- 
duced in number to the minimum necessary: Instead, information 
1S provided concerning desired performance goals. Minimum 
performance levels set by DSARC may not be violated without 
DSARC review and formal OSD approval. As mentioned before, 
tradeoffs must be made above these minimum levels to achieve 
Mmiemeased Cificiency.. This is the moSt critical area for cost 
Zedpettvous. All ECP*s must be priced before they are considered 
Pieri enemtatrOu. 9 Nistorical anabality to make these 
tradeoff decisions was instrumental in the serious problems 
maced by programs like the C-5A and MBT-70 (Ref. 17). Per- 
formance specifications such as these now being implemented 
in DOD have been common in commercial industry for many years, 
and have helped guarantee the manufacture of desired products 
mer, 18). This specification procedure has provided the 
necessary freedom for designers to explore innovative approaches 
Peeprobiciis.. copecilal care must be applied in drawing up re- 
quirements and clearly specifying what is needed. Outputs 
Hoot pe duantiatable. In addition, criteria for weighting 
tradeoff areas must be stated unambiguously. 

Competition has received a new emphasis in DOD procure- 


ment. Competitive motivations have been recognized as the 
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most important driving force in the commercial world (Ref. 18). 
Past reliance upon total package procurement tended to dis- 
mo piceenas aided. Inatial competition existed for source 
selection; however, as the project progressed, problems often 
appeared, relating either to ana ce tions of the designer- 
producer or to his approach. Having no other alternative, 
the buyer was faced with having to live with the situation 
as best he could. In addition, total package procurement did 
not allow a wide measure of specialization, as may be found 
in the different types of companies now in existence. Instead, 
only one company was designated to handle all the varying 
demands and requirements, both technical and managerial, as 
a major project moved from Eonception to mail production. 
Design-to-Cost nhilosonhy seeks to extend competition as far 
as possible in the procurement cycle. Hardware competition 
may be Beene’ throughout development phases. The "fly 
before buy'' approach permits a direct comparison of prototype 
performance, eliminating much analytical guesswork and error 
involved in selection of proposals (Ref. 19). Separate con- 
tracts should be negotiated for each phase of development and 
production (Ref. 9). In this way, the developer of a system 
1S not necessarily guaranteed the following production con- 
Peacktw ss 1hilS Increasing emphasis upon competition is expected 
to have profound effects upon contractor motivations and 
attitudes. 

Competition and tradeoff analysis requires increased 


investments of both time and money. This competition often 


40, 
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involves substantial duplication of efforts, requiring large 
financial outlays. These outlays should be in the form of 
cost reimbursement type contracts. Fixed price contracts 

tend to limit long, detailed, and expensive tradeoff analysis. 
It is felt that very large profit incentives, perhaps as high 
as twenty to twenty-five mercene: may be justified for meeting 
DTC goals, in order to reduce long term overall costs (Ref. 20). 
Development timetables must be extended, especially in early 
Stages, in order to adequately explore technical risk areas. 
Experience has shown that corrections required to rectify 
problems escalate rapidly in both time and cost as develop- 
ment proceeds. The costly nature of delayed changes greatly 


reduces tradeoff capability. 


E. COMMERCIAL APPLICATION 

The introduction of DTC into DOD procurement policy has 
been looked upon as simply borrowing a page from the note- 
‘book of commercial industry (Ref. 7). The business world, 
where money is truly a scarce resource, gives a detailed cost 
analysis to all its actions. Thus, DTC may be regarded as 
intrinsic to civilian industry. Lessons derived here from 
long experience may serve as valuable aids for introducing 
DTC into government procurement. 

In a growing industrial economy, companies are often 
faced with having to acquire new or specialized products 
UmicieaGe noteagalable “off the shelf."’ In order to meet 
these needs, the requirement is first stated in the most 


general of terms. This action allows focus upon what general 
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type of product is needed. Prematurely locking into a 
specific approach may thereby be avoided. Specifications 
are then drawn up to meet these needs. These specifications 
may be very precise in nature and involve detailed drawings, 
blueprints, and specified materials. In some cases, even a 
Set of required production techniques may be specified. 
These detailed requirements have been found to be most suit- 
able for relatively simple items. Since these specifications - 
meer ivel to the producer, the burden for proper design is 
placed upon the buyer. He has no guarantee of satisfactory 
product performance. At the other extreme, one finds gener- 
alaezed performance specifications. These may consist of 
little more than a "black box" with designated inputs, out- 
ruts, and interface parameters (including size, maintenance, 
environment, etc.). This specification format is especially 
useful when a proposed product is not well defined. The 
burden for proper design in this case is now placed upon the 
Seller. Guaranteed performance may thus be assured. 

Ultimate cost considerations are an early program input. 
These considerations may hinge upon the potential market value 
of the product, value to the buyer, or upon some arbitrary 
budgetary limitation. These limits are not necessarily the 
Same. Competition may also influence cost levels. Additional 
considerations of performance and delivery schedule have a 
bearing upon ultimate source selection. Competitive negoti- 
ations are then commenced to determine this source of supply. 


ie. search for suppliers may include internal as well as 
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outside sources. The final decision is based upon which 
Supplier can provide the greatest overall benefit to the 
buyer. No other restrictions should be allowed (Ref. 18). 
The commercial world views DTC as management of design, 
development, production, and "life support" expenses in such 
a manner as to meet a marketplace value to a user (Ref. 19). 
Design engineers must conduct their work in anticipation of 
future market environments as well as meeting today's needs. 
Special emphasis is given to areas of technology, product 
value, projected price levels, and competitive market struc- 
ture. Competition may extend through the entire procurement 
Syele, from initial conception to follow-on parts and services. 


Responsiveness to meeting the needs of a buyer provides the 
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only hope c 
the buyer to take his business elsewhere if one selected 
producer cannot perform. Competition is thus a powerful 
Mriving influence toward efficient practices. 

As the development of a product progresses, several 
decision parameters come under consideration. These include 
design requirements, cost estimates, tradeoffs between then, 
and general resource allocation. The project manager is 
responsible for all these areas except the last. Higher 
management deals with resource allocations and conducts 
DemteCale@umevilews Ot Proyect team eiforts, comparing them 
Pweimomerail incorporate coals. Because of the diverse nature 
of these responsibilities, it 1s important that project man- 
agers be flexible and well trained to handle them. Tradeoff 


decisions made by project management are crucial to overall 
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project success. It is important that the project manager 
be responsible and have direct access to top level management. 
High level support, understanding, and trust are essential to 
the continued well being of project team efforts. 

The membership of the project team is normally hand 
selected to be small, highly competent, and cohesive. The 
different personalities and talents must be integrated into 
a team capable of acting quickly and decisively regarding new 
and constantly changing information. Engineering provides 
technical inputs concerning what can be nade and how to make 
it. Marketing provides information concerning what can be 
solde Ihe comptroller’s office provides overall financial 
constraint data. These inputs provide a data base for design 
Sines allaGeitevacions. Tnese changes may anclude slicht 
modification of an existing plan, or they might entail sweep- 
ing conceptual revisions. The team constantly probes for 
possible modifications to performance, cost, or schedule. 
Nothing should be regarded as untouchable. 

Eeroounme lh polieres are Trepanded as a key Lo overall pro- 
ject team success. To maintain coherency, management changes 
are avoided, especially during major development phases. If, 
poresome reason, the Manager must be replaced, the successor 
HeeGnosen 1r0Om Within the team membership. Other promotions 
will stay within the development team as much as practicable. 
In this way a true team identity is formed. The knowledge 
Micmetpen rence derived as projects develop are conserved and 


femboashipecan Keep abreast of the latest happenings. 
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It would appear that DTC, as applied in commercial 
business, has several policy ramifications that ought to be 


given careful consideration within DOD. 


F. GOALS 
The setting of quantifiable performance objectives 
relating to a proposed weapons system and the determination 
of measurable costs Lo De incurred in maintaining such per- 
formance objectives is at the heart of any complete weapons 
System analysis (Ref. 21). Realistic, but challenging goals 
are essential. If too easily attainable, industry is not 
Sufficiently challenged to produce its best efforts. Unreal- 
istically stringent thresholds, on the other hand, will 
destroy motivation to produce anything useful. The manner 
itewiteh performance and cost goals are selected is brierly 
examined below. 
ior enrormance Goals 

The intent of any major weapons system procurement is 
Maroy Llde a Countermeasure fOr a Specific threat. Because 
of the diversity of systems developed, and the problems they 
address, it is not within the scope of this research to 
attempt to draw up a comprehensive set of guidelines for all 
cases. Detailed design specifications are being replaced by 
comprehensive performance requirements. Two major consider- 
Seronscwinurnic =sclectron Of these performance requirements 
ZeiiGwowe meme Such goals achievable? Are such goals 
aprordaokev meee tiind Considérath~on seeks to avoid large 


Micreoasccmillntarginal costs for a relatively small increase 
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am performance level. In order to intelligently assess these 
areas, a wide diversity of inputs will be required to deter- 
mine system parameters. These inputs must come from industry 
sources as well as government planners. Such a partnership 
will avoid many of the limitations facing each party indi- 
vidually. Technological and operational complexities have 
grown so great that no.single institution can go it alone. 
Z. Cost Goals 

As noted earlier, cost has not always been an initial 
parameter in the definition and selection of weapons systems. 
iitceimposition of coSt parameters has revolutionized procure- 
ment strategies. Several types of growing pains have accom- 
maneed this transition period. There seemsS¥to be a general 
agreement within the unper echelons of DOD that cost goals 
mrould be determined by system average unit costs. The 
makeup of this cost goal has been the subject of confusion 
Bicdecontroversy. DOD Directive 5000.1 declared that LCC 
Should be the ultimate DTC goal. In practice, however, UPC 
has become the goal. Such actions have met the approval of 
DSARC. Some thinkers feel that designing to UPC implies 
Miwmiterty and thereby Contributes to lower LCC (Ref. 12). 
Other sources disagree (Ref. 22). Approaches to even UPC 


have been found to vary considerably. As shown later, UPC 


tay ernelude both recurring and non-recurring costs. Other 
cases included only overall recurring costs. Still other 
cases addressed only recurring hardware costs. Even non- 


recurring costs have been subject to manipulations (Ref. 23). 
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It 1S apparent that no meaningful contract may be drawn up 
without clear agreement by all parties involved as to the 
precise makeup and definitions of cost goals (Ref. 12). 

A variety of methods has been proposed for setting 
cost goals. One such approach sets the price at the same 
level as the system to be replaced, challenging designers 
to use improved technology to come up with a better product. 
Such a goal is arbitrary and there is no reason to believe 
eiaee this 15 actually the optimum price level. Akin to this 
approach is the determination of the total budget available 
for a system type and the number of systems needed. One 
Simply divides the budget by the number of systems to define 
Mitt COStS. Again, such costs are arbitrary in mature. The 
BmauStrial enginserinsa estimate has historically been used 
to define the costs of a complete system from a "ground up" 
approach. This approach attempts to identify and cost all 
items comprising a proposed system, operations involved in 
putting it together, and any other costs related to deploy- 
ment. Obviously, a great deal must be known about this system 
before such an approach may be used effectively. This is not 
possible for a new and undefined system. The historical cost 
of a system analogous to one being proposed may be helpful 
in some cases. This similarity in cost, however, can be no 
better than the analogy between systems built at different 
times and under different conditions (Ref. 24). Late 1971 
Saw erie I1NpOSteron Of Parametric cost estimating procedures 
upem DOD (Ref. 25) in an effort to capitalize upon past 


experiences. 
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HonditcturrerGrER'S attempt to relate performance and 
technical parameters of a proposed system to a projected cost 
level. These relationships are developed from regression 
equations based upon historical data. The equations, them- 
mmives, are developed through trial and error curve fit to 
this empirical data. Although still a relatively new art, 
cost estimating accuracies within + 10% may be attainable 
(Ref. 9). Interviews with members of the Cost Analysis 
Division at NWC, China Lake indicated that such optimism 
aeeocepremature. “Practitioners in the field are currently 
Satisfied with estimates within 20 to 30% of actual cost. 
Nevertheless, these estimates are vastly superior to 200 to 
pus C€rrers resulting from earlier “ground@m@p" cost approaches 
(Ref. 9}. Ascrepated historical data includes actual experi- 
ence and includes many costs often ignored by older techniques 
(general administration, profit, maintenance §& support, per- 
mile! trainine G& equipment, service personnel, test G evalua- 
tion, systems engineering, reporting data, initial spares, 
overhaul, etc.). Historical data includes past failures and 
problem areas, while industrial engineering approaches tena 
EO Demmore Optimistic. Furthermore, parametric CER's provide 
mtea CONMCerMine COSt Uncertainty and confidence levels, 
nether uname solely providing precise, but incorrect solutions. 

Voandioemie Gk Serlriish their greatest benefits 
Mirinwmenescarlaerestages of development (Ret. 26). Early 
conceptual studies have little, if anything, in the way of 


true dé@sign information. Application of CER's provides rough 
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Gost envelopes to aid in design selection. Consistent 
relationships allow direct comparisons between alternatives. 
Ease of rapid programming is helpful in tradeoff sensitivity 
analysis. The cost goals postulated from this stage promise 
to be more realistic than heretofore. As the design progresses, 
an overall WBS begins to take form, providing a framework for 
subsystem study. Tradeoff sensitivities relating cost and 
performance of components may now be examined. These esti- 
mates aid in selecting overall design configurations. 
Comparisons can be made between CER's and industrial engineer- 
ing approaches to check the validity of each. Agreement 
results in increased confidence in both estimates. Any areas 
of disagreement can then be studied and resolved. 
or difficulty associated with developing CER's 
is the acute shortage of necessary historical data (Ref. 26). 
Suis 1s duc largely to accounting procedures. Life cycle 
estimates are especially hard hit by this problem. Only 
aperegate information 1S available. Effects of program 
changes (schedule, ECP, etc.) cannot normally be isolated. 
Proposed CER's can be verified only against competing CER's 
or industrial engineering techniques. Much has to be learned 
Men C.. 

DevCtolecrlelcaisisceare levelled sat applying the CER 
approach. In most cases the aggregated information cannot 
be directly related to subsystems. Prior inefficiencies may 
Demperpevulated =erather than corrected. Most disturbing, 


there does not appear to be any analytic relationship to 
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meal lie secGurrences. fo the layman this approach may 
appear to be an application of statistical analysis to draw 
a mathematically precise line from an unwarranted assumption 
to a foregone conclusion. Perhaps the best defense of the 
CER approach is that, in spite of all its intellectually 
aesthetic shortcomings, it does seem to work. 

Cost information, from whatever source, iS now a major 
@etcerion in determination of overall system desirability. 
To be truly effective, cost considerations should be included 
in the DCP (Ref. 27). Cost is thereby made simply another 
System parameter. The insertion of any such parameter, after 
design has begun, adversely affects efficiency., Several 
sources of independent cost estimates are being developed. 
Each weapons nroject. office is tasked with developing its 
own estimate. In addition, government laboratories may 
provide assistance to projects and help to validate these 
estimates. Each service follows with its own cost estimate. 
Finally, DOD has formed its own cost estimating organization, 
Cost Analysis Improvement Group (CAIG), to aid DSARC in its 
review capacity. The many autonomous groups within DOD that 
are developing independent CER capabilities should aid in 
the rapid development of a realistic cost projection cCapa- 


Dr lity. 


G. TRADEOFFS 
The area of tradeoffs betwecn various development param- 
Pioro ise tme MOSt distinguishing featurc of the DIC approach. 


This new tack should not be confused with the cstahlished 
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moriey of Value Engineering (VE). Past application of VE 
has attempted to define lower cost approaches to perform 

a given function. Output performance was not normally 
Permicted to vamy. Introduction of DTC has made cost an 
equal parameter with output. Both cost and performance may 
me traded off with one another to achieve a more efficient 
overall approach (Ref. 18). Minimum performance levels, 
however, are not to be compromised. Specifications defining 
jmieSe minimum levels must be justified before inclusion in 
hee '’S and contracts (Ref. 27). Overall costs, facing a 
Similar constraint, are now limited to a maximum ceiling 
which cannot be violated (Ref. 28). 

Wide ranges of flexibility should be available to con- 
MraGtOrS. oboaw Periurmance Specitricaticns, rathcr than ce- 
momlecad bDIiveprints, are being used to define weapons systems. 
aiy remaining use of MIL SPECS must be fully justified 
(Ref. 27). Contractors are tasked with providing a large 
measure of their own cost-benefit analysis. Little textbook 
moe InrOrmatcion 15 Mow available. Each project presents 
unique problems. Intelligent and decisive leadership is 
Metered lato DOL contractor and DOD personnel. Project 
managers must be well trained, capable, and experienced in 
mredereto Cope With wide ranping responsibilities. New pro- 
posed tradeoffs must be reviewed quickly by a higher manage- 
Ment which is responsive to chanpe. 

Industry must be fully informed concerning the bounds of 


Peiomitceaomeand how best to apply it. The various requirenrents 
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must be ranked in some manner. Contractors may find them- 
selves attempting to make operational type decisions. 
Relationships must then be provided so that designers can 
correlate marginal costs with marginal benefits. The 
Government is tasked with specifying the marginal benefits 
for each area of tradeoffs (Ret aco). Continued close com- 
munication with DOD will be needed throughout development 

in order to understand and expeditiously dispose Of tradeoie 
proposals (Ref. 12). 

A system must be set up for defining who 1s responsible 
for making and approving each particular type Op paadeorin 
Such a rule should make allowances for the size and nature 
of changes. Levels of tradeoff approval may be as low as the 
Penticton projece Manaccr, Loy relatively minor revisions. 
On the other hand, OSD approval may be needed for major changes 
in parameters. Review authority should be no higher than that 
needed for an adequate judgement of bencties (ret. 29)=) Cols 
sideration must be given, however, to the cumulative nature 
of changes. A large number of minor alterations may in fact 
have results of major proportions. 

Another important area of tradeoffs deals with early R&D 
expenditures as opposed to other components of LCC. Greater 
investments in early program phases would tend to help lower 
later costs through continued design improvements. There is 
a point, however, where the marginal benefits of such R&D 
expenditures will decrease. Finally, a point will be reached 


where further investment costs are not offset by reductions 





other LCC elements. Investment beyond this point is wasteful. 
Mepreseme there does not appear to be an explicit solution 
to this problem. 

The benefits of commercial world experience seem to have 
been helpful. Those contractors with a history of dealing 
largely with a commercial market for their sales tend to be 
more cost conscious. This has been demonstrated by a better 
Capacity to make intelligent tradeoff decisions (Ref. 21). 
iitesGOvermment must now attempt to force this cost conscious 
attitude upon all its suppliers. Easy money days appear to 


Wemeone LOrever. 


Here ACTEONS TO IMPOSITION OF DESIGN-TO-COST 

The response to the compulsory introduction of DTC upon 
DOD procurement has been mixed. interviews held with program 
engineers and administrators at NWG China Lake seemed to 
imadieate that reactions to DIC depended largely upon the 
Stage of program development. Those projects which saw the 
Macteron or DTG Tequirements an carly conceptual stages 
viewed it as just another design parameter. This requirement 
iae- ented an eleineerine challenge and, as Such, was well 
meecived, omec developers saw cost as a valid constraint. 
iiese proprams which have moved farther alone in their evolu- 
tion and had DTC applied retroactively viewed it less favorably. 
Designs have, in many cases, become firm. Long range planning 
face been laird out. Proper implementation of DIC would require 
mo CcancweacVChoOpment @€f10rt in order to optimize cost along 


With all the other constraints. Suddenly changing the rules 
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after the game has begun was viewed by some as unnecessary 
harassment. As such, DTC has received little more than lip 
service in these cases. 

Cayaliam contractorsmmave, in some cases, modified their 
management approaches to accommodate DTC (Ref. 30). In the 
past, cost information was not normally available to engineers. 
Apparently, this was done to avoid stifling design creativity. 
Now, however, some contractors are providing engineers de- 
tailed cost breakdown sheets to help them become aware of 
Soot framitications relating to design techniques. Manage- 
Memeris eEncollraging Engineers to pursue promising, but 
unusual, approaches to problems. To eliminate long delays 
Sauscad spy Geviewing desiens, engineers aresbeing told, "Be 
Mme Toemrenu ana cmcon 26 ancad.’" Emphasizine flexihbil- 
Mvemacsioncns are told not to “tall in love™ with their 
efforts. Nothing is immune to change. Morale within the 
manufacturing departments appears to be rising as their cost 
feedback helps drive designs. Production personnel are also 
being challenged to provide improvements. 

Not everyone feels this way, however. There appears to be 
substantial fear and skepticism resulting from such freedom 
fowtrade away performance. Others with a "this too shall 
pass"! attitude see DTC as just anotner spasmodic attempt by 
DOD*to heal its incurable procurement ills (Ref. 30). Some 
Sonu actors are afraid to Submit what they feel are excellent 
Hem moe that Hemet Considcration, but still fall short of a 


AitesiomMatoretear of being declared unresponsive. Others see 
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Pico bepromven as attempting to maximize performance subject 
to a budgetary constraint. Cost is not being traded off 
WRete 5 1])) . 

These mixed feelings and misunderstandings must be 
properly addressed and dealt with if DTC is to receive a 


fair test as a procurement strategy. 


Zi. PROBLEMS AND CRITICISMS 

The formal introduction of DTC upon DOD occurred in mid 
ioe oinee that time there has been much written describing 
difficulties associated with how DTC is being applied. 
Pevetateon, tile €ritiemsms described below have applied to 
PeloOnreprocurement techniques as well as to DIC. These are 
ills seemingly related to DOD procurement as a whole. Other 
oe ecoletes apply only to DFC as 1t 1S currently doje. 

Pie Loo hens whe lave foOurinance 
Single-year funding procedures used by .Congress have 

had an adverse impact upon weapons procurement (Ref. 19). 
Money is provided only on a yearly basis, with no guarantee 
of what the future holds. As a result, managers tend to look 
only at current program phases. Being ignorant of what 
future funding levels will be, program managers are not in 
a position to intelligently plan very far in advance. Such 
TPOneeralctcm planning ge it eilt does €x1St, 15 not done as carce- 
fully as it should be. Delayed appropriations may cause work 
Seoppaeve. § COntractors, however, continue to incur expenses, 
addine to Weapons costs. Line item budgets greatly hamper 


the flexibility With which money may be spent. In an effort 
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to obtain approval for programs, optimistic cost estimates 
may be supplied by both contractors and the services. [In 
Many Gases, RGD expenditures are cut back. Such actions 
often return and haunt a program through its entire life. 

Contractor revenues are still related primarily to 
the costs they incur. Cutting back expenses, especially 
during R&D phases, may result in decreased revenues for the 
contractor. Thus, one may find a developer, who has cash 
flow difficulties, having incentives to increase costs. 

Any money that is saved through prudent project 
management is not normally available for other uses. Such 
funds are thereby effectively lost to the service. This 
depresses motivation to pursue an active cost control program. 

Programs involved in developmental work have a 
requirement for substantial management reserves. In many 
cases, however, such funding reserves are denied to management 
(Ref. 32). Contracts often make no provisions for reserves. 
Program managers may find contractual reserves denied, either 
because they were not authorized, or the money was removed 
BOmwmotier USeéS. Ihus, potential cost reduction ideas may not 
be suitably funded. Overall costs thereby become unnecessar- 
milky eh. 

2. Problems Related to Source Selection 

Government selection of contractors is greatly limited 
Wapouleynand Statuatory requirements (Ref. 18). Legislation 
has explicitly favored U.S. firms, small businesses, minority 


Tiecworic@cnedoprpessca areas, and other special interests. 
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Other laws affect safety standards, pay scales, pricing data, 
and discrimination policies of government contractors (Ref. 
33). Such laws, while intended to serve some economic or 
social good, tend to restrict potential sources and eliminate 
competition. 

Competition, if it does indeed exist, is largely 
eliminated once a program is commenced (Ref. 19). The sit- 
uation then arises where the market consists of one buyer 
pmcmone Seller. Negotiations at this point tend to center 
PpoOut tinancial areas. it is penerally felt that competition 
for a contract threatens a company with a loss of business, 
meEcecuime 165 Stability, and 1S, therefore, a far stronger 
Stimulus than is the profit incentive. Although separate 
SOWenIGms fliist be wrictcenm £or each shase, the contractor who 
did the last development work holds a distinct competitive 
advantage. The situation that now arises begins to strongly 
resemble total package procurement. The problem of the 
"buy in" has thus yet to be solved. 

3. Problems Related to Requirements 

Although DTC has emphasized the use of performance 
Specifications, there is still widespread usage of MIL SPECS 
Paomoelcrsdctalled specifications (Ref. 52). These restric- 
Mons contimie to hamper RG efforts and restrain creativity. 
As a result, the beginning phases of development require many 
program changes. Change approvals, however, continue to 
entail much dele. This further hampers design iterations 


mad increases costs. 
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Competitive selection criteria are not being adequately 
communicated to contractors (Ref. 32). Underlying statements 
of needs are not provided. Intelligent tradeoffs to meet 
these needs are thereby curtailed. Such information is 
especially critical during conceptual stages. 

Proper drawing up of RFP's and goals requires inputs 
from the industrial world. Free exchange of information 
Between contractors and DOD poses problems with respect to 
eile pEOteclion Of UNlgue approaches and proprietary data. 
Conflicts are especially noteworthy in areas where the 
Government has helped to fund R&D efforts. 

| Witewe Ines jee al j@int lies: ili Glesalise Meester» clove 
originality sought by DTC and the standardization and sim- 
plified logistics given by use of GFE. There is no guar- 
antee that GFE is necessarily the best or cheapest available. 
Obviously, there is a tradeoff to be made in this area. 
Procudures for handling this problem do not seem to be 
etearly defined (Ret. 32). 

The changed reporting requirements relating to DTC 
have had profound implications upon contractor accounting 
and management information systems (MIS). Most industrial 
accounting and management procedures have historically been 
mearcasvonlook Daék and sjustify past expenditures, rather 
Pian tO looksanead ald plan future activities (Ref. 19). 
Recent directives have dictated usage of the existing MIS 
mGeiecdempocsibles ti tracking DIC. Ihe forward-looking 


Nature of this requirement, combined with the rearward-looking 


MIS poses yet another set of problems. 
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4. Problems Related to Project Management 

Military project managers and their project teams are 
Siten selected long after the project itself has commenced 
(Ref. 19). The project team arrives on the scene to find 
most program parameters already firmly set. Proper handling 
of decisions and changes is most critical in the conceptual 
Stages. At this time, however, there is no single person in 
wiinee Or the project. Change procedures are 111 defined 
and require massive documentation. Long turn-around times 
Hor EGP s drastically limit the amount of tradeoff analysis 
and the numbers of design iterations. This impacts adversely 
Heo pror;ect Optimization. 

rProvcee Managers in the commerciaimworld are given 
BeUGcatrdcaisGr HULIGIiLy CG Gdcrermine the course and scope 
Seemrorece development. This 1s not the case within DOD. 
High visibility to both press and Congress has resulted in 
extensive decision review and excessive paperwork demands. 
The lengthy review delays timely decisions. In addition, 
heavy paperwork and public affairs responsibilities detract 
measurably from the time available for actual management 
dutm@es- Lengthy lines of communication within the DOD 
bureaucracy have led to conflicting policy interpretations 
and confusion. Such actions as may be directed by the 
project manager must pass via, and be approved by, contracting 
Htitecers, wio belongs to a different bureaucracy with a dif- 
Peremts Set Of ealS. This again contributes to more costly 


delays. 
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Rotation and tenure of_program managers have posed 
a series of problems (Ref. 19). The manager, regardless of 
competence, rotates quickly in and out of his job before he 
can become familiar with it, or see the results of his efforts. 
The rotation schedule is arbitrary. The AMemayyese may leave 
Meme mcer at a Critical phase of the program. Thus, the man 
imenangce never really is aware of what is happening. He 
must deal with an entrenched bureaucracy that will be around 
iiengediter he as cone,  Preject managers are often line 
Src teers Naving wide operational experience but little train- 
ing applicable to the project environment. This inexperience, 
coupled with rapid rotation, has resulted in many restric- 


tions, regulations, and other forms of management by document. 
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The military structure, intended to preserve di 
Standardization, has been accused of stifling innovation, 
initiative, and risk taking. Emphasis appears to be upon 
PeacOuUntdolhityeand Control rather than etficiency and effice- 
tiveness. 6 
Tron lcnomnelavee MCOnEMunaSioebevel Or Lire Cycle Cost 
DOD Directive 5000.1 envisioned DTC as being applied 
to LCC reduction. Practically speaking, however, UPC has 
Peccetvca stan more attention.) ~LCC projections require far 
more time and experience to verify. Finally, DSARC has agreed 
eOpaccepusulG @odls as at least an interim solution. 
Pastecxperilence has Shown, howewer, that for many 
Systems the visibbe SUpport costs over a ten-year life span 


range from three to ten times the acquisition costs (Ref. 54). 
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It is in the best interests of the government to place far 
more emphasis upon LCC than it has done in the past. Data 
shortages have made LCC projections quite difficult to make. 
Lack of short term verification discourages LCC as a design 
parameter. Contractors in danger of overrunning costs will 
place special emphasis upon UPC to escape criticism or 
threats of program termination. Finally, a detailed usage 
and Support plan for a piece of military equipment having a 
lifetime of many years is very difficult o define. The 
many political, military, and economic contingencies possibly 
facing a weapon system over a period of ten to twenty years 
cannot be enumerated. Without a preplanned usage agreement, 
LCC projections are meaningless. There appears to be little 


~ aa & 


MOM@eOma cesguucto, cO ciiS problem in the foreseeable future. 
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DOP Directive SU00 Wimposes the Design-to-Cost require- 
ment upon all major weapons systems currently under develop- 
ment. Most systems reaching operational status at this time 
had the Design-to-Cost requirements forced upon them as a 
retrofit, after initial R&D contracts were awarded. As a 
Poet UliSurPethonltetiig. sa true picture of the cfLiective- 
ness of DTC is difficult to measure. The programs which 
imeluded DIC trom thelr conception have not yet become 
Pe tatltondle For these reasons, a comprehensive evaluiation 


Beene Crncets On Dio 15 Not Currently ateainable. Trends 


a 


lave boon established, however, which may indicate the value 


be 


Pew lC and potential problem areas and limitations. 

The following case studies present the various techniques 
in which Design-to-Cost has been implemented in recent DOD 
aerospace programs. This selection, while not exhaustive, 
does provide a sample of recent attempts to apply the re- 
iieements or NOM Darective S000 lI. ~Cases presented include: 

Pre ronce ClOSe wir support AlTrerafrt 
Army Advanced Attack Helicopter 
Utrlit, tactical Transport Aarrcrart System 
SAM-D Missile 
subsonic Cruise Armed Decoy 
FIghiveivire Fachter 
Navy Lightweight Fighter 
MVC ye Clmnaslawe. Pro }ects 
HiCmetecS BO rcSCTUe Vary considerably in scope and 


detail. This is largely due to the relative availability 


of data. These limitations facing the authors stemmed from 
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geographic constraints, data sensitivity, contract avail- 
abtldry, security Classification, or political considerations. 
Furthermore, several redundant aspects common to more than 


one program are not continually duplicated. 


A. AIR FORCE CLOSE AIR SUPPORT AIRCRAFT (A-10) 
1. Background 

The Air Force began development of the requirements 
mora close air support (CAS) aircraft in 1966. To accomplish 
this, six contractors were funded between 1966 and 1970 to 
develop Concept Formulation Packages (CFP). These CFPs 
Moueerntended to derine alreratt perrormance parameters to 
best satisfy the CAS mission. Using the results of parametric 
cost analysis studies, a unit recurring flyaway cost of $1.2 
million (FY ‘70 dollars) was established. The program en- 
tailed the procurement of 600 aircraft to be purchased at a 
rate of twenty aircraft per month (Ref. 35). The cost 
estimate was based on the assumption the aircraft would use 
a turboprop propulsion system rather than a turbojet or 
turbofan. This was due to the non-availability of a small 
ParDO}et Or turbofan engine in the 9,000 pound thrust class, 
during the formulation study period. Subsequently, a turbojet 
in this thrust class was developed. The Air Force increased 
the cost estimate to $1.4 million to encourage contractors 
to incorporate this new engine. The turbofan is slightly 
Omer @epensive than the other types; however, it has better 
Be MeCeOnOMy.remlabllity, and maintainability. The cost 


target was again increased to $1.5 million per aircraft to 
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include non-recurring costs such as initial tooling and 
work set up. 

In the spring of 1970, the Air Force received author- 
ity to prepare a RFP for the CAS weapons system. At this 
time the project was designated the AX program. Competitive 
prototype phase (CPP) solicitations were requested from 
eleven aircraft producers. After four months devoted to 
POlece ScleCction, then Secretary of the Air Force Seamans, 
ime cecmpier 19/)sautnorized CPP firm fixed price contracts 
to be awarded for the development of two prototype aircraft 
each from Northrop Corporation for the A-9 and Fairchild 
Industries, Fairchild Republic Division for the A-10. The 
contract price was the same as requested in contractor pro- 
nosals. Fairchild asked for and received about $12.0 million 
more than Northrop because they intended to design and manu- 
maiectine trom Che Start a prototype that was in essence a 
pre-production aircraft (Ref. 36). Two years later, in 
January 1973, following the competitive Air Force flight 
evaluation of the full scale development and production pro- 
posals, Fairchild Republic was selected to develop the A-10 
hOretne CAS rolle, There was considerable Congressional 
debate as to the legitimacy of the award. Northrop's entry 
was potent aii less expensive ($50,000 - $100,000 per 
aircraft), mainly because of less costly Avco Lycoming 
emeines. However, Fairchild's prototyping was a key element 
im the Air For@e®sell@ction of the A-10 (Ref. 37). Fairchild 


Mepublic was dwarded a cost plus incentive fee (CPIF) contract 
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to build ten pre-production aircraft on a negotiated schedule. 
The incentive was for cost reduction alone, not for increas- 
ing performance. -Congress cut the order to six pre-produc- 
tion aircraft in 1974 (Ref. 38). The Air Force negotiated 
aeeixcds price Option for two aircraft buys. The first option 
was for between 22 and 39 aircraft. The second was for 
between 11 and 33. At this time the Air Force has elected 
to receive 26 from the first and 22 from the second (Ref. 39). 
The first production aircraft delivery date has been set for 
December 1975. 
Pees. cO-COSt COntract Features 
There are four primary subsystems of the A-10. Of 
these, three were contracted for by the A-10 Systems Program 
Office (SPC) at Wricht-Patterson Air Force Base, Ohio. These 
were (Ref. 40): 
(1) Airframe and total system integration with Fairchiid 
Republic Division, Fairchild Industries, Farmingdale, 
New York (prime contractor) 


(2) TF-34-100 Engines with Aircraft Engine Group, General 
Electric Company, Lynn, Massachusetts 


(3) GAU-8/A 33mm Gun with Armament Department, General 
Prectrie Gonvpany 


The fourth subsystem, the avionics group, is not being pro- 
PUmeGmtnnouchatne ASJljesrO. This 1s bering furnished as GFE. 
HiMmeore Lic wCOntracts prepared at the A-10) SPO includes 
Design-to-Cost clauses as a special feature of a cost type 
COMmerieGt mmo lLNGe =the takec contracts were Similar in nature, 
Only the prime contract will be expounded upon. The main 


Lésuen-to-Cost clause reads in part: 
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"DESIGN TO UNIT FLY-AWAY COST 

a) Unit production fly-away costs are defined as the 
sum of all recurring and non-recurring costs (excluding 
all RDT&E costs) necessary to produce a complete aircraft, 
including the applicable portion of system engineering 
and program management. This definition excludes all 
costs associated with the production of AGE (aircraft 
ground support equipment), Training, Data, Initial 
Spares and the applicable portion of system engineering 
and program management... 

b) <A prime objective during Full-Scale Development 
is to design to a cumulative average unit production fly- 
away cost of $1.5 million expressed in FY 1970 dollars 
for a total of 600 aircraft .. . to attain a maximum 
Eterm or 20 dirérart per month. (Ref. 41). 

Engineering Change Orders (ECO) are included in both the 
recurring and the non-recurring costs. The contractor is 
held responsible to control and track his portions of the 
costs and to report any cost changes over $3,000 on the 
MoOleniy COSt Performance R@port im both current and FY ‘70 
folars., He as alse to report any actions or tradeoffs he 
BrOpOeses to take £0 brine the costs back within the limite: 
The breakdown for the recurring costs is shown in Table III 
(from Ref. 42). 

Ft iS apparent from the contract that the unit pro- 
duction fly-away costs include only a portion of the total 
PIme sGyele costs. The major exclusions, besides RDT&E and 
the others listed above, are operation and maintenance costs. 
iwerceaneesceyerdl Sleniticant poines Whieh should be noted. 

Cle = tom wulonmtarcget cost 15 Specitied to give the 
Conunaceer sa derinnte Cost fipure for which to design 
and evaluate tradeoffs. 

Pee lie iwMeemetintty Of 1melation will not affect the cost 
fo moe CHU Ores expressed im Constant dollars. 


(imcmiowiiponuant siec the last aircraft is scheduled 
for delivery in early 1978 (Ref. 43). 
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(3) 


A design goal of 600 aircraft is established so 
that production costs and the learning curve savings 
could be calculated and averaged out. 


(4) The design production rate is specified. This 
allows for the development of an economical produc- 
tion system geared to this rate. Any change either 
to increase or decrease the rate would affect the 
COS. 

(5) Including the costs of ECO in the $1.5 million limit 
insures that the contractor maintain a reserve for 
this purpose. 

There are also a number of other special clauses in 
the contracts. These clauses identify the: 

(1) limitation of government obligation 

(2) government options 

(3) life cycle cost responsibilities 

(4) award fee provisions 

(5) changing and allocation of costs 

(6) system integration responsibilities and 


demonstration milestones. 
ABC Er tl 


A-10 FLYAWAY AVERAGE UNIT COST 





Dollars 
(1970 Thousands) Percent 
Air Vehicle 

Pedeag eee (Gb Es) teeaea eenees S05 i ot 
[AMO We eee eee tee eee S54 a2 255 
Reatvetiaiwe wld Ic casee ars Syl Ae, 
IC HUIMGTO CIN tina. eee igs scsice 221.8 ois 
SMO Oid tava Ci. secs teat ee se 101.5 Toad 
GV MING NIPING Sivas co <bes, Serene wie Gila Aa 

eee ee eee Ge 598.7 42.6 
Oreliien GEANE 2 ain alas oes 45.5 52 
IUAEOWMILCS.- oe eke cae os 5822 267 
URINE cece, os ae etenuc els bots S550 Gok 
eT Ses erotica ar fone -aise>, 6 430.0 500 

MOR.) Gene 1403.6 HO Os0 


GHU0tiwrerart: Unats No. 11 through 610 
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en ' ee ee 


M@icvecosts applicable to the tesign-to-Cost goais 
must be separately collected, recorded, and reported. The 
Total System Integration Responsibility clause makes Fair- 
Glide responsioule (6 ins@ire the entire system cost remains 
within the $1.5 million cost goal. This means Fairchild 
must monitor subcontractors! costs as well as its own. How- 
ever, unlike the Total System Performance Responsibility 
Place Used in other major weapon system contracts, Fairchild 
mercuulred seOrdceepe anduincegrace all GrE, but only to 
Micwner that the GrE performs to 21ts Specifications rather 
than to total system specifications. The life cycle cost 
clause insures that tradeoffs in performance will be weighed 
asainst their impact on life cycle costs.@ Changes in design 
rmeli be madesenly if they reduce both unit cost and life 
= elomecoctor sFalltire on the part of Falrrehilid to meet the 
Design-to-Cost goal in any of the areas discussed could 
result an possible contract termination (Ref. 43). 

3. Design Tradeoffs 

ihe RFP ferethe €PP was carefully prepared to elim- 
imate all unnecessary MIL SPEC and MIL STD requirements. 
The Design-to-Cost objective was the only requirement stated 
i the iamitial REP. Performance was stated in terms of goals 
iMimeilematedseo: TeSponsiveness. lethality, survivability, and 
Simplicity in order to accomplish the CAS mission (Ref. 44). 
These changes, coupled with the new concept of Design-to-Cost 
in military procurement, left uncertainty as to the importance 


CImellemeecteuaroch In the minds of the bidding contractors . 
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However, after Air Force briefings these contractors be- 

came aware that maximum possible design freedom was left to 
the company and that the design had to be within the cost 
himite (het. 925). Railrchama found it necessary to insist that 
Subcontractors adopt the same cost conscious attitude and 
make tradeoff studies of their own to provide lower cost 
Sptions. in order to insure the lowest possible production 
costs, Fairchild organized a design team which incorporated 
all levels of engineering and manufacturing. The team used 

a design approach for the prototype aircraft which would 
eliminate as much risk in the production follow-on as possible. 
This included designing as many components as possible to the 
production configuration. Tradeoff studies were also con- 


Suwercato Coee-mine Optimum desicn in the following areas 


cn 
a 
Oo 
Hh 


42): 


load factor 

Survivability 

ammunition capacity 

fuel eapacity 

external payload 

take off and landing distance 
Pandan? egean ei houd &1on 

Ea ie jeloreuls te Sie eule 


COOnN Ai RW NE 


Pome wiesult Of sthis concept, the following low cost design 
and manufacturing techniques were incorporated within the 
m-10 (Ref. 45): 


Cmte “lil ORGCh sO meduee the cost of the Tr 34 
engine, unneeded features were discarded such as the 
Layiperecduimned ruc | eaters tor wP-5 fuel. Many 
i AMMO nese were Pen laetd with sveel. IThese 
resulted in a cost savings of $45,000 per engine. 


(2) Airframe design: Many features were designed into 


thes airframe to aid in cost r@ductions. Among these 
Wee = 
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Cs 


(3) 


) 


(5) 


(6) 


anon 


Pmthoaanars® 


Simple external lines 

constant cross section fuselage segment 

Single curvature skins 

Simple structural elements 

--one-third of the wing span is constant cross 
section with straight spars and ribs 

--horizontal stabilizer has constant cross 
section (18 of 20 ribs are identical) 

greater than normal protuberance tolerance. 


Landing gear: Open landing gear pods arrangement 
allows both simplicity and weight savings. 


Engine location: The high externally mounted engines 
result Im a simpler tuselage design, permit easy 
access for service and maintenance, and minimize the 
dangey of foreign object ingestion. 


Wing selection: An airfoil with high lift char- 
acteristics at low speeds was selected in order 
to reduce the necessary wing area and resulted in 
a Cost savings of about $50,000 per aircraft. 


Interchangeable parts: The following major assemblies 
Cane be miccdsOneclinerestae Of JEhemaipcratt ; 


DUAN Eye) Gnade 

Weene (cae wie ierla: It 

elevators 

inboard flaps 

pylons 

macelle inlets and aft section 
main landing gear 

Sabi 2 eran bse 


This interchangeability allows for a significant 


Pequerlom diy PrOdiwetion Gosts and will permit the Air Foree 


tO Minimize its spare parts inventory. 


Additional production cost savings resulted fron 


constructing the prototype aircraft using the same methods 


VOC esUsc eT OmiEncsprOduellon arrerart. By doing this, 


Fairchild Usea the lessons learned during the prototype 


development to save considerable time and money and to avoid 


a great deal of risk resulting from production method changes. 


Through its experience, Fairchild determined which subassemblies 
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to have built up. It could pre-position parts, hardware, 
equipment, and men to form a "speed-line,'' helping to accel- 
eidue direratt production. The A-10 program director, Col. 
James Hildebrandt added 

"There is no question in my mind that the (Fairchild) 

A-10 would cost more than $30 million more (in future 

development) if it hadn't had competition from the 

(Northrup) A-9 (on which the Air Force spent $29 million). 

I am quite sure Fairchild would have gone more for opti- 

Mzing perzrormance if it hadn't had competition to hold 

the cost down." (Ref. 46). 
This dramatically shows the influence of competition in 
holding down costs. 

The A-10 program has been a success thus far because 

a lot of people have made the right decisions at the right 
times. Achievable goals were established early in the 
DPrOeran COnccyc#cn pheasc. The @ircraft requirements were 
realistically set. Contractors, managers, and engineers were 
kept informed. Through necessary tradeoffs, acceptable per- 


formance was provided within a price the Government can 


EeOrd tO pay . 


Dok SAU VANCED ATTACK HELICOPTER 

The Army authorized development of the advanced attack 
NMemEcopret (Ain) in 1972 atter comprehensive studies verify- 
imp tts Mmecessity. The primary mission to be performed by 
Piecwdimerdi ees to Supply Close air fire support for ground 
BOrecoem IMecemeltcopter 1s intended to be a hiph performance 
weapon system to balance the capabilites of lower performance 
PaeescTTesceattack Nelicopters presently ain the Army inven- 


tory. 
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Tie wpertomance requirements for the AAH were developed 
through comprehensive analysis of anticipated threat envir- 
onments and after careful evaluation of the capabilities of 
existing and anticipated weapon systems. A study was con- 
ducted by the Army to reevaluate and update former require- 
ments tor the Cheyenne, Advanced Aerial Fire Support Systen, 
which was becoming too expensive for the mission and had 
come under attack by Congress. The result of the study was 
a recommendation for the AAH. The Material Need document 
Peeocirea the Nequlrements tor Ehe desired performance char- 
acteristics, airframe and subsystem configurations, armament 
capabilities and payload. These items were derived on a cost 
and mission effectiveness basis and were expressed in terms 
Gof performance bands. The lower level of the band represented 
the minimum acceptable performance. The desired performance 
corresponded to the high end of the band. The cost to achieve 
the upper level of performance was estimated to be only 15% 
less than the unit fly-away cost of the Cheyenne system, at 
that time about $2.7 million per copy (Ref. 47). The Army 
and DSARC agreed to design to a goal of $1.4 to $1.6 million 
Hitterecuryino fly-away costs. The major design criteria of 
the AAH include: (Refs. 47, 48) 

--maxXimum survivability, including reduced radar cross 
section, armor protection, self-sealing fuel tanks, 

ande total Structural ,1résistanee to small-arms fire 

=oncuuendonlity. @tneluding exceptional lateral and 

Veomerc i eer FOrmlanece, Side-silp turhine, and tight 

turning at high speeds 

niente n flight scanabality to inclide “nap-of-the- 


earth" terrain following allowing popping up to acquire 
targets and deliver weapons. 


ih 





The specifications for the AAH RFP were carefully 
prepared in order to verify that all requirements were valid 
and necessary to achieve both the design objective and the 
operational requirements. All unnecessary requirements 
were eliminated so that the bidding contractors could have 
maximum freedom to use their initiatives to design and 
develop proposals most advantageous to the Army from a cost, 
performance, and schedule point of view. In addition, the 
Army asked the bidders "to place major emphasis on cost 
reduction thmouchn Critical examination of performance char- 
AG@echr ser rcs, improving producibility and innovative produc- 
tion techniques (and) to exercise their judgement and make 
tradeoffs to meet the design-to-cost goal" (Ref. 49). 

The RFP was released in November 1972 and was answered 
by five aireraft manufacturers in February 1973. These in- 
cluded: 


--Bell Helicopter, which had a contract for improved 
Huey Cobras. 


--Lockheed-California Co., which had done some prior 


development on the AH-56 Cheyenne. 
SIbOchlOeVeLPOlLeCO., Wilken 1S working on the Army UITAS: 


=-otkorsky Atreratt Div., United Aircraft Corp., which 
is also working on UTTAS and the Blackhawk helicopter. 


TT HUCMcoenolLGonters. 

After comprehensive evaluation of these proposals, 
Picentivweeawarded cost plus incentive fee (CPIF) contracts 
With an award fee provision for competitive prototypes to 
Petieondenictmes: 1 June 19/5. A provision was included 


HOumuOmpnOGceed Until after revalidation (within 30 days). 
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This time was used for reviewing the projected unit costs by 
the Army and OSD Cost Analysis Improvement Group (CAIG), 
and to insure the consistence of the DTC goal with respect 
to other cost reporting procedures. The contractors were 
to use this time to identify additional cost reduction 
pessibiliatics. 
ine portion of the contract (Ref. 50) addressing DTC 
Staces : 
Liie Or indbywebjectivesGr Chis scOntract 15 to develop 
a cost effective, reliable and easily maintained advanced 
MetdckelteliGcopter System .9. . with a unit rec€urrine aver- 
age flyaway cost of $1,349,093! or less, including $ 282.0001 
design to cost for Associate Contractor equipment. Emphasis 
ine me spilacecdeon lite cycle ost reduction through 
producibility of operational design features and maintain- 
ability and reliability 
Them Gontractonr' s system Speelti1catron describes an 
Peer ittewOele tine CONLTactor expeces Can Wie produced 
for the cost established above (FY 1972 constant dollars), 


based upon the quantity and schedule (confidential). It 
PeliiiMectw uO roclGr ile aCOStS a .owhieh anclude the 


recurring costs of Contractor furnished subsystems and 
the Government Pen onenenaccrialy (chahacisaaddcdy at 
The award fee is an incentive for achievement of the 
design to unit production cost. However, the award fee will 
be determined unilaterally by the Government and a maximum 
amount 1S Stated in the contract. <A Sikorsky Aircraft 
Division vice president expressed reservations about the 
Way Of rewarding the contract (Ref. 51). 
Mounem Interesuime point Of this Contract is “Che 
PJcuEenataenes means tor determining fee adjustment was ex- 


plicitly stated. 


l For lucgtess=ielrcopter, Hugives Alrcraft Company. 
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"The implicit Price Deflator for the total Gross 
National Product (index base 1958 -- 100) published 
by the Department of Commerce, Bureau of Economic Analysis 
dsem@eportcd perledically in the United States Department 
of Commerce publication entitled ‘Business Conditions 
Drsest wll be USedstceaddjust Current year dollars to 
average constant FY 18/72 dollars." 

The AAH is, however, experiencing cost increases in 
exeess of funding. As a result, the program is being 
wereeened. [his 1S expected to increase unit production 
costs in future years (Ref. 52). It was expected that a 
competitive prototype flyoff will be performed starting in 
loeewwro/ oO, anda COntract £Or engineering development will 


be awarded to the winner in June 1976. These dates may slide 


as a result of above mentioned difficulties. 


Pome hTeiiyY TACTICAL TRANSPORT AITRGRAFT SYSTEM 

The Utility Tactical Transport Aircraft System (UTTAS) 
will be the Army's replacement for the Bell UH-1 Huey troop 
Srayinesmelreopter. UlIAS 1S to be faster, safer, more 
versatile and less expensive than the Huey. It is designed 
Pemvicrait transportable to any place an the world and read- 
med tor Lligsht within minutes after unloading (Ref. 53). 

The RFP for the UTTAS was preceded by an intensive Army 
Study to determine the exact requirements to be included in 
the specification. The study by the Army Combat Developments 
Command (Ret. 54) covered all aspects of UTTAS project, in- 
PMidiuiiwmegcitonwe CradcOri1s, dnd Ucilizacion. The release of 
CiCMR PeriGwever., aroused Some Criticism from Congress. [he 
Scimmcc Armed Services Research and Development Subcommittee 


questioned the following aspects of the request: 
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CieeusceOL  PIOLOcypiIneg , 

reece eile Or sie kr r , 

Pieameliability eoal of 0.986, 

Pie meaiirenenu tor the deyelopment of six 
Drotetypes from each contractor, 

Giewcost Of Enoine development, and 

the need for the WaaAS. 


NWN & WD Ft 


These issues were answered by Brig. Gen. William J. Maddox, 
Director of Army's Aviation (Ref. 55), bringing the Army's 
views out into the open for criticism and rebuttal. 

HOurGe scclcectlOnwtom tne COMpPetItive prototype phase of 
development was announced 31 August 1972. Vertol Division of 
Boeing Co. of Philadelphia and Sikorsky Aircraft Division of 
MihecamrlrelatteGOnp. Of Stratford, Conn. were awarded con- 
tracts for the development of the YUH-61 and the YUH-60, re- 
Pceuclvely tOr 2 competative £Llyort. This@flyotf is scheduled 
to take place in early 1976. The only other contractor com- 
Domenie or ernceprol1ect was lextron'’s Bell Helicopter Division, 
which also built the Huey. Its proposal was not completely 
HesDONSIVve Sance 1t trved co incorporate all it knew about 
Miilicy Heliveopters 1meo its design. Industry sources said 
that Sikorsky's UTTAS was superbly engineered and was designed 
Prente to the Army's DIG target (Ret. 56). 

ice tcetse tice tins iiny wel tcoptem pro,ect undertaken 
With the implementation of Design-to-Cost in the contract 
fReft. S11). The DIC objective of the RFP (Ref. 57) states: 

‘AI OOVeCtIVe Orethils Contract 1s the successful 
developmemtsor a Utility Tactical Transport Aircraft 
SVsucnh tniemcaneme proaueed at the lowest possible pro- 
iiewre wanidmiitcucyClowcost. thereilore, in recognition 
Of this Objmeitive, the. Contractor shall place maximum 
emphasis on cost reduction through improved producti- 


pete wm dinecaimibrlaty, relagbility and operational 
deésaen teatures. It 1s agreed andWéstablisheéd that the 
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UTTAS shall be capable of being produced at an average 
recurring airframe cost of $600,000 or less (constant 
FY 1972 dollars) based upon the total production quanti- 
ties shown in Attachment 15 (confidential) of this con- 
Gracie. 
The contract further states which costs will be included in 
this airframe cost objective: 
“The airframe recurring cost includes recurring engineer- 


ing direct labor and applicable engineering overhead, 
manufacturing overhead, general and administrative over- 


edd, Material and Pprorit On recurring costs only, 


associated equipment such as engines, avionics and 
weapons. Nonrecurring costs such as tooling, nonrecur- 


ring engineering, and total costs of kits, GSE, GFE and 

EGE oT GRCIIGEEI (Gade GHG CC CC.) ne 
iitcolaplicie4 Price Deflator is need GO VCOUMGECE E POM by 7 Z 
delwlars to current dollars; as in the AAH contract. A 
formula is also provided in the contract to provide for 
SenplucatlonmeOou dal anNeencive Or penalty ice rellative to the 
design-to-cost objective. The UTTAS, being one of the first 
Di CSP rocitcicnts. 15 NOt a5 tClantly constrained by the cost 
goals as subsequent meoteens, fmenueting Pitee AN Ret aoe 
A decrease in funding for FY '75 will slow the project another 
couple of months. The UTTAS has already been extended two 
years as a result of changes in the Army procurement plans. 
Rebmthrouch EY 1974 has cost the Army $187.2 million. Total 
program costs for 1,107 helicopters are estimated at S207 3 
baiiaron (Rei SZ). 

Both prime contractors for the airframe have expressed 

COnridehnceuim the DlG cost goals. Cost control for Sikorsky 
Aircraft involves two major activities (Ref. 58): 


1) The cost/schedule planning, tracking, and control 
Ciedl i procmam Operantons , «and 
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2) the targeting, tracking, and control of product cost 
generated by program operations. 


ine 42ppelertlLonsoteene DIG concept involves four inter- 


related activities including: 


Desicmato- COsmealarget. These provide a positive control 
on the final product costs generated by the design phase. 


POOtmEOsCOst, larsets.. Ihe @esteners are given the planted 
ExrcuEt andtype of tooling as factors to use in tradeoff 
studies to determine alternative design approaches. In 


the production phase, these goals become the tooling cost 
eeAmtets LO be met Dy the manutacturine department. 


PiGenlase: LO COstelancetomesnese Poals influence the 


selection of purchased parts and proprietary items in the 
design phase. In the production phase, they help control 
costs by influencing the selection of the source of pro- 
duction parts and equipment. 

Manufacture-to-Cost Targets. These are cost estimates 
issued to the manufacturing department and monitored by 
Silorsky's tracking system. Heavy emphasis was placed 
upon the design phase, where considerable effort was 
empemaca by wesieners to optimize their ovlans from a 

cost standpoint. 

Boeing Vertol Company has taken a different approach to 
the DTC problems (Ref. 59). Their plan "involves limiting 
requirements to mission essentials, controlling sophistication, 
identifying high cost designs, increasing standardization, 
ifeorpordatime desien to Cost as a discipline consistent with 
dynamics and stress, and providing the designer with guideline 
bogeys and tools by which he can attain them." 

One of the major areas of emphasis is the reduction of 
parts to perform a function. Each system was given a parts 
count bogey and the designer tried to design a system which 
uses fewer parts than the bogey. Through cost estimating 


relationships, Boeing Vertol has shown that reducing the 


number of parts leads to reducing costs. In addition to 
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Parts reduction, the designer was encouraged to use automatic 
riveting where possible since studies have shown that manual 
riveting costs about five to six times more than automatic 
mive tine. 

Thpouci tie use von tmereased emphasis on cost control 
throughout the program, both contractors are trying to meet 


thembesten=-to Cost goals. 


D. SAM-D MISSILE 

The Army's SAM-D, surface-to-air missile system, is 
designed to provide a mobile air defense for use with large 
Army units. The SAM-D system is scheduled to replace both 
the Raytheon M1M-23A Hawk missile and Western Electric M1M-14B 
Nike Hercules in the 1980's (Ref. 60). The system is composed 
of four major subsystems: the missile, radar group, weapon 
control group, and the launcher group. These components are 
assembled into a "fire section" eeagherine of several weapon 
launchers, each with four missiles, a radar unit, and a control 
unit which houses the computer. The launchers, remotely located 
from the radar and control shelter, operate over a radio data 
link. Six SAM-D fire sections comprise a battalion which may 
be operated by as few as 33 men (Ref. 61). All components are 
mounted on standard Army vehicles. A battalion can be trans- 
POmicdupesolther wc laleor the Ariny S heavy litt helicopter. 

In Maven 1972, following five years of advanced develop- 
ment, Raytheon Company was awarded the full-scale engineering 
agevetlcopment contract (R@f. 62). This contract @xtends through 


December 1977 and has a to®al value of $564.8 million (Ref. 63) 
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ThemeomleRinGe costs are estimated at $1.1 billion. An 
additional $91 million is in management reserve. Estimated 
total costs for the complete program are $4.5 billion. The 
development contract with Raytheon is cost plus incentive fee 
With Design-to-Cost goals for each of the subsystems. Table 
IV shows the cost goals, number of units to be produced, and 
Raytheon's expectations of meeting each goal. 

TABLE IV 


RAYTHEON DESIGN-TO-COST GOALS 
(Source: Ret. 61) 


CONETAcCLOr Ss 





Item Cost Goal Now wUnitts Expectations 

Radar Unit SA ots amelie LAS below goal 

Launchers $250,000 625 close 

Gonecol Unit $887,000 125 below goal 

Missile $90,000 6,250 hardest to meet, 
Glose 


The cost goals are based on established hardware config- 
urations using 1972 constant dollars. Production schedules 
and cost relationships were negotiated. The unit production 
price includes 
"all costs normally included in the contractor's hardware 
PueOdvetron coOntracces Such as all labor, including fabri- 
Gation, assembly, test and inspection, manufacturing, 
igmie rai mands roduction control, all material, in- 
cluding purchased parts, raw materials, and subcontracts; 
2pm bundenseiImcludine slaner 2nd material overhead, main- 
temanee and modification Of Special tooling and test 
SVMenypmemtmdid DrOLiteanad ree™ (Ret. 45). 

Management of effort toward achieving the production unit 

DerecsObDI@ctive comprises One criterion in evaluating Ray- 


theon's performance toward an award fee, not to exceed $5,068,857. 
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If Raytheon 1s selected to produce the SAM-D, an additional 
reward/penalty provision will be included. There will be an 
iieveasc on 15% Im C€arnedstees if fhe final cost is less than 
103 below target, and a decrease in fees of 25% for costs 
Peecadeer titan 105 above tareec. There will be mo fee adjust- 
ment for costs within 10% of target. There is, however, a 
65/35 share ratio on all costs or savings within 10% of 
target. The techniques used by Martin Marietta, the missile 
@evelopment subeoneractor, co reduce cost are discussed in 
BCECTOCNEe ZO. 

(IheGTe sis No TGCompeting contractor for the SAM-D system, 
consequently there will be no fly-off or other system with 
which to compare the Raytheon proposal. The cost reducing 


ieee al ae 


MiGentive Which COMpPeticion brings is als 


© 


SAM-D has been attacked repeatedly by Senator Bayh (D-Ind), 
questioning its mecessity. In July 1973, his amendment to 
the Defense Authorization Bill to delete all SAM-D funds was 
iiinowiy ae catea. sin Janliary 1974, the Senator succeeded 
Mperequiying that a new cost-effectiveness study be conducted. 
The analysis is being performed by OSD and the Army, with the 
Sonleaclon or Congressional and GAO Statfs (Ref. 53).- The 
senator has stated that 

Vineeowt- Ue program exhibits Many Of the characteristics 

identified with questionable weapon Systems in the past. 

icv ane luideschaneinescapapili1 ty ETequyrements, persisting 

Mechnical Uncertainties, unrealistic thmeat assessment, 

BOC tTpONca teSting, Incomplete cost-effectiveness atalysis, 


escalated costs for fewer units and inadequate justifica- 
Migimion themauantgt1es to be procuréd.” (Réfi. 62). 
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fieeamuary 1974, then Deputy Defense Secretary Clement 
reoriented the SAM-D program to SAM-D2 and shifted it from 
engineering development back into advanced development. The 
Army issued a “stop work'' order February 4, 1974, which sus- 
pended hardware and engineering activities, with exception 
Peco tdance tcst flrohts. In 1ts program reorientation, ‘the 
Army is studying (Ref. 63): 


1. tradeoffs to enhance low-altitude capability, 

fee Fite section hardware cost goals, 

3 design for operation against a less intense 

Plcetronmle countermeasure environment (a key 

GOse neacucer). 

increasing system mobility, 

use in the continental air defense mission as 

pec ececOnGam ss pnhlOnity, 

6. minimizing costs until the guidance system has 
been successfully demonstrated. 


wn > 


The Defense Department reduced FY '75 funding by $54.7 million 
to $111.2 million. Congress is considering reducing the fund- 
ing another $11.2 million because of missile guidance problems. 
In October 1974, the Army began a test program to permit 

Bepmoduction decision June 1975, on the less costly SAM-DZ 
version of the missile. It would reduce costs of the system 
by including modifications to: 

Zaomintnace One transmitter chain 

--remove four sidelobe cancelers 

--reduce memory 

S=Climinavresone display console 

--provide for alternate surveillance long-range waveforms 
As of November 1974, the Army is seeking to minimize costs of 
the program while awaiting tests of the guidance system. If 


these tests prove successful, the Army wants to be able to 


make an efficient transition to full scale development (Ref. 63). 
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As a hedge against failure, the Army is planning to award 
three additional contracts in January 1975, each for $1 mil- 
lion, for development of a complementary guidance system. 
Expected contractors are General Dynamics, Hughes, and Martin 


Marietta (Ref. 64). 


Pee SUR OONTC CRUISE ARMED DECOY 

The Subsonic Cruise Armed Decoy (SCAD) is an Air Force 
weapon system which was retrofitted with design-to-cost goals 
after the full scale development contracts had been awarded. 
The program was subsequently halted with one contract termin- 
Pecdeme DeEndIng LUrtner Study becauSe Of TFisine costs and 
continuous debate over its required capabilities" (Ref. 65). 

The SCAD is an air-launched guided missile, designed to 
be carried aboard the B-52. It would be launched prior to 
aircraft penetration of enemy early warning defenses. SCAD, 
by simulating the mission profile of the B-52, would draw fire 
toward itself and away from the manned bomber. 

The Air Force divided the program into five separate 
subsections for management and award of contracts, after DOD 
HteiotrZatlon an Maid-197Z. Ihe first SCAD contracts were let 
in June 1972, when Williams Research Corporation and Teledyne 
CAE were selected to develop small, efficient turbofan engines 
to power the SCAD. Teledyne received $4.38 million and 
Williams got $3 million to conduct an eight-month demonstra- 


Mion pliase LoOmmthelr respective engine designs. 
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The principal guidance subsystem competitors were Northrop, 
Singer Kearfott, Bendix, Delco Division of General Motors, 
Litton Industries, and Boeing Company. 

The airframe competitors were Boeing and Lockheed Missile 
and Space Company. The decoy subsystem, which included noise 
jamming transmitters, set-on receivers, and target repeaters, 
Wasmoldeonwpy lallicratters, Philco-Ford, RCA Corporation, 
Sanders Associates, and a team of GTE Sylvania and Raytheon. 
The subsequent contracts were awareded by July 1972, to: 

--Poeing Company for the airframe and air vehicle, 
- Nileo-hOrd ter tne decoy subsystem, 
PI hLerOMeo valence lle. so0r the guidance and control. 

The SCAD System program office was organized similar to 
other Air Force Aeronautical Systems Division (ASD) SPO's, 
eMeopuror thvweerdistinct Characteristres. First, it retained 
in-house, a major portion of the program management, including 
Systems integration. There was no prime contractor respon- 
Pibicesor the intecration Of the components. Second, a 
Systems analysis office was responsible for monitoring any 
evolving threat in the Soviet defensive network to determine 
14 capability changes were required for the SCAD. The office 
was to work closely with the Strategic Air Command and the 
ASD's intelligence-gathering Foreign Technology Division. 
third, the procurement office was assigned responsibility to 
monitor procurement schedules, costs, and performance, if 
Proguetron 1S auUenorizéed in the future (Ref. 66) . 

Ticmomieitaienre stated the wiar Force objective as the 


accomplishment of the program development at a minimum cost. 
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Development contracts were of a cost incentive type. Design- 
EO=vOst,Nowever, WaS mot part of the original contracts. 
In October 1972, the contractors were asked to evaluate the 
BadmeEloual Ost of COntndeting for the design to cost. In 
November 1972, the contractors reported back to the SPO that 
it would cost an additional $5 million to implement DTC. 
This price was considered unreasonable. The SPO negotiated 
with each contractor to implement no-cost supplemental agree- 
temeses PinesSe were €0 provide (Ref. 23): 

Pecan cOpnitlon on a NIG poal for recurring 


POGue trol TeOS Si, 


2. amonthly review of the cost goal at Segment 
Status Review meetings, 

3. a detailed analysis of the goal at key program 
milestones, and 

4. an amendment to the statement of work requiring 
MiimirewOl Ss touimecludesthe met Change in the 
SOs te code wich “culd result. 


By January 1973, all contracts were modified; however, no 
micenbives Or penalties were incorporated to enforce adher- 
emcee co UIG goals. Contract modifications differed slightly. 
Boeing refused to accept the ECP provision. Litton and 
Relcayne avreea to indicate the impact of an ECP only if the 
MiGecoal changed 10% or more. Litton later changed this to 
2%. AS an example of the negotiated clauses, the January 1973 
Litton supplemental agreement states in part (Ref. 67): 
The contractor hereby agrees that the Design-to-Cost goal 
for the SCAD Navigation/Guidance segment is $45,100 in 
tiene vearedowlans basedvon a total of 1500° units based 
Oma delivery rate of two (2) units per working day. The 
Design-to-Cost goal includes all recurring costs associ- 
ated with thle unit production of the SCAD Navigation/ 
GUidance seoment, including direct material, material 


OVernead, direct labor, labor ovérhea@d and G&A and 
Sxeumiiompmorit and Litton s budpétary estimate for 
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ECO and Project Management sustaining costs; and the 
aforementioned goal is based upon prior delivery of 
thirty-five (35) RDT&E Navigation/Guidance segments 
with initiation of production delivery immediately 
thereafter. The Design-to-Cost goal shall be addressed 
at each Segment Status Review (SSR) and reviewed if 
variance of approximately 10% in the Design-to-Cost goal 
1s projected. The Design-to-Cost goal shall be reviewed 
and analyzed within 30 days after Critical Design Review, 
withan SO days after FCA/PCA and within 30 days after 
Gilcweonpletion Of Qualification Testing.” 

It is worth noting that the cost goal agreed to in this, a 

second modification, is $5,000 below that of the initial 

modiriecation in 1972. 

Aithough the attempt to implement DTC into the SCAD pro- 
gram followed the award of development contracts, the SPO 
was able to introduce cost goals and a means of reviewing 
those goals at no additional cost. Whether introduction at 
this time was too late or whether the costs were already too 
muxcd 1S Open Eo question. Without the existence of either 
an award or incentive fee, there was no economic stimulus to 
BoluGemcocta Invaddttion, there Were MO COMpPeLitive pressures 
toward cost reduction. Threat of contract termination pro- 
vwedecd the only incentive for contractors to consider costs. 

lieJiiy 1973, DOD ordered the Air Foree to halt full 
engineering development of SCAD. The Air Force issued a 
termination notice to Boeing Company on its contracts for 
modification of the G and H models of its B-52 bombers which 
were to carry the SCAD. The Air Force also issued a "Stop 
work onotiee on the Boeing airfrenc contract. Williams 
Research Corp. was instructed to suspend further development 


work on the engine. Philco-Ford Corp. was ordered to stop 


development of the decoy clectronics package (Ref. 65). 
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MimoapkbewOr tie Carlier contractual difficulties, the 
Air Force is negotiating with Boeing for design, construction 
and test of an air-launched cruise missile (ALCM), similar to 
meme Sonu.) The engine, tie same as for the SCAD, will be 
Supplied by Williams Research Corp. The Air Force intends 
to procure competitively the missile navigation/guidance 


Subsystem (Ref. 68). 


F. LIGHTWEIGHT FIGHTER 

in April 1972, Northrop and General Dynamics were selected 
to design and build prototype lightweight fighters (LWF) for 
the United States Air Force. Each company was to build two 
Mimeiattom Ine fighter 15 to fic into, the *high-low' mix 
sOnleGne. The McDonnell Douglas F-15 fighter ($15 million 
poems cOpy) 1s to provide the high cost, sophisticated system 
With advanced long-range aircraft and missile capabilities. 
mie IWF is to provide low-cost ($3.0 FY '72 dollars per unit) 
aesupertoricy for Handling a larecet portion of the close-in 
mamcat atter initial enecunters (Ref. 67). 

iheeA1r Koree folvowed the broad vwuidelanes laid down by 
former Deputy Defense Secretary David Packard when the Air 
mouce AcCrOnautical Systems Division (ASD) prepared the REP 
and evaluated the proposals. The project was handled by a 
newly formed, tightly-manned Prototype Programs Office (PPO). 
This office was estabiished only eight months before the LPW 
contracts were awarded. Only 23 persons were assigned to lit. 
Wost statements of work issued by the PPO were limited to 


25-30 pages. These included broad performance goals and 
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stressed the need for technology. Design-to-Cost and other 
dollar constraints were explicitly conveyed to prospective 
developers. Contractor proposals were also expected to be 
brief. About 50 pages were allowed for the technical portion 
and 10 pages for the management section. There were no re- 
Hewtlcelons om the Cost proposal. In the case of the LWF, 
proposals were received at ASD on February 18, 1972, where 
preliminary evaluations were made. The PPO received the 
proposals on March 13, 1972. The winners were selected in 
April (Ref. 68). In evaluating these proposals, the PPO did 
not rate them on a scoring system basis as such. Each proposal 
was assessed individually, identifying strengths and weaknesses 
in the designs, based on computer studies. 

The contracts were awarded on a cost-type basis with a 
maximum obligation. The General Dynamics contract was for 
$37.9 million. Northrop's contract was for approximately $39 
million. There was no promise that the Air Force or any other 
U.S. service would order either design into production. The 
aircraft were not to be evaluated against each other in a 
flyoff. Instead, they were to be evaluated separately by con- 
trae@m@or and Air Force pilots (Ref. 69): The DIG goal is $3 
Mmton im ry "/2Z dollars, to be produced at a rate or 100 
Mommy comeronrerhiree years (Ref: 70). That cost includes air- 
frame, engine, and avionics. 

PeGemcna  Dynamres 1-16 

The YRewN6 1S a single-seat, single engine aircraft 


Ppeimezcd fom air-to-air combat by providing good visibility, 
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high maneuverability, fast acceleration, and improved radius 
of action (Ref. 71). The program personnel designed the air- 
Craft as an operational vehicle from the beginning. The only 
departures were made to meet cost and schedule requirements 
for building the prototypes. The design goal was to produce 
a low cost aircraft with a high degree of combat maneuver- 
ability. This was to be achieved by building the smallest, 
lightest vehicle possible and integrating advanced technologies 
that promised low risk (Ref. 72). 
A number of technological advances and design trade- 
offs were made in order to meet the DTC goals. These include: 
(1) engine selection 
(2) component standardization 
(3) aerodynamics innovations including: 
J hoadinomcdee Maneuvering —f laps 
oe Cease 122 = Oc 
--forebody wing strakes 
—-Tiy-Mieware Control system 
(4) design simplification 
(S) parts reduction and duplication 
The Pratt §& Whitney F100-PW-100 turbofan engine was 
chosen for the YF-16 because it is used in the F-15 and its 
logistic support would already be available in the Air Force 
inventory. The improved fuel consumption of a turbofan over 
a turbojet was desirable to help provide the required flight 
radius. The decision to use a single engine to help minimize 
tiessime OL the airecrart saved approximately 15% in the design 
gross weight, compared with the use of two engines. There 
was also an additional dollar savings due to increased sim- 


Ditemry and need) tor fewer controls and anstruments. The 


cost of the engine has been reduced by substitution of sheet 
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mde emline ch GONStrUuGction in the external ducts in lieu of 
honeycomb material. This decreased the cost about $7,500 
per engine. A Simplified augmentor nozzle actuator system 
is saving about $14,000 per engine. The engine changes are 
not unique to the YF-16. These changes have come from the 
F-15 program and have benefited both aircraft. 

ive nae of a considerable number standard components 
already in Air Force supply system is expected to save time 
and cost. The YF-16 engineers identified 254 components in 
Piesairplane that are identical with those used in other 
aircraft. Only 20% of the components utilized in the two 
DEOmOtyoes were new (Ref. 73). 

Advanced aerodynamic techniques were used in the 
fi Wore proneriiveto mect the design *“gaalvof producing a highly 
Maneuverable fighter. Many of the tradeoffs have resulted in 
cost savings. The use of leading edge maneuvering flaps, 
imeoerporated to provide a better lift-to-drag ratio in high- 
g-turns, allowed the use of a smaller, lighter wing. Wing- 
Podvebicendine provided Imereased lift from the fuselage, 
Eouccidllysatemien aneles of attack, As a result, fuselage 
volume was improved by approximately 9%. Fuselage length was 
TiiecieGm Dy eapproximately Live Leec as compared to conven- 
tional designs. An additional weight savings of over 550 
pounds has resulted. Forebody wing strakes, used to improve 
Parc and stability, also made possible a smaller wing. The 
fly-by-wire control system eliminated the need for hydraulic 


lives #md contro! surface actuators throughout the aircraft. 
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Although the system iS more expensive than conventional 
hydraulic controls, the savings in size and weight more than 
make up for the cost (Ref. 74). 

Designers were concerned with building in economic 
manufacturing features as well as advanced technology. A 
Special standards book was developed for the engineers to 
aid in parts selection. To keep down manufacturing costs, 
formed sheet metal was utilized where possible, instead of 
more expensive bonded structures. Machined parts were de- 
Toned co be worked on one side only, in most cases. These 
Simplified parts may be constructed by use of routers instead 
of costly milling machines. 

Aircraft subassemblies were designed for inter- 
changeable, multiple use wherever possible. A single type 
electro-hydraulic flight control servo is used in five places 
to actuate flaperons, horizontal tail, and rudder. The left 
and right horizontal tails are interchangeable, as are parts 
jeeeicvalrerons and tlaps. Eighty percent of the parts of 
the main landing gear are common to both sides. The combined 
effect of these design features has been to reduce the empty 
weight nearly 1,300 pounds. 

Zee NOGenTop VE = 17 

Northrop began development of its LWF by taking ad- 
vantage of the experience it gained from the 900,000 man-hours 
SieWtenmoiunvyested in desipning the P-530 Cobra fighter for the 
foreign market. Northrop used the same basic configuration 


for the YF-17 that evolved from a six-year company- funded 
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@agveneced aerodynamic research effort for the P-530. The 
company spent $25-$30 million during this period to advance 
its technology from that used on the T-38 trainer and the F-S 
fighter series. These expenditures occurred prior to the 
onomot ounce YE-1/ comtract (Ret. 75). 

The YF-17 is a Single-seat, twin-engine, convention- 
ally controlled vehicle. it has a large bubble cockpit and 
twin vertical tails but "there is no internal storage space 
for stores, and provisions for weapons are nominal, with two 
wing-tip mounted sidewinder missile positions and one M-6l 
20mm cannon (Ref. 71). The YF-17 is powered by two General 
fecetrie «J 10Meturbojet engines, which GE has adopted from 
Pree bOl-GeE-Fl00) turbofan engine for theme -l bomber. he 
YJ101 1s scaled down, producing 15,000 pounds less thrust 
than the 30,000 pound thrust F101. By allowing a 10% increase 
MmMetcu limi niniedeston weight of the €ore engine, Lhe cost ox 
this section has been reduced about 35%. The YJ101 uses an 
afterburner cooled by engine bleed air rather than the complex 
augmentation system installed on the B-1's engines. This 
allowed a simpler design and lower cost construction. Each 
percent of bleed air used, however, lowers engine net thrust 
2% and increases specific fuel consumption about 1.5%. 

Conmecernimnestnie MSe Of two elolimes im the 1P=1/ com- 
pared with only one in the YF-16, the manager of the LWP 
program at Northrop, Walter E. Fellers, said that both General 
Dynamics and Werthrop's aircraft are designed for the same 


performance spectrum and both have essentially the same weight 
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aucmcOcwmm ne feels that there 1S no clear advantage in cost 
for a single engine over a dual installation. Northrop 
believes that the flyaway cost of a production version of the 
twin engined YF-17 would be less than that for any comparable 
engined aircraft for the mission. This leads Northrop to the 
conclusion that two engines can be cheaper than one (Ref. 71). 

The structure of the YF-17 design is largely conven- 
tional. Graphite composites are used more than usual, repre- 
Senting a total weight of about 900 pounds, but saving about 
300 pounds over conventional aluminum structures. Northrop 
Peclow thats graphite based Composites can be used cost-effectively 
where boron composites cannot. There are no major forgings on 
the two prototypes on the grounds that only a production run 
would merit the investment in costly dies. Designers have not 
ievwidtecad Tome DrOGuctlon Specltacations even though both proe- 
totypes were hand-made (Ref. 69). 

3. Air Combat Fighter 

im oepeciber wlo/ +. stene Fir ebOrecscdcliverecd a request 
fOmeuproposal to Northrop and General Dynamics for the “further 
development, fabrication and flight test of an Air Combat 
Fighter (ACF) suitable for USAF inventory and as a Multi- 
Mielonitieabtehter (Ref. 76)49 The desired aircraft is to be 
Sintlarseoewrne LWP prototypes. The Air Force desires that 
GSemeractors perform the ACF full scale development program, 
MiGiIMiii MeONsctructLOnN Of LowinGr alrcratt. Four alrcratt 
are to be configured with two seats. In addition, one static 


alawonemretroue model will be constructed. Necessary spares, 
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ground eapoort equipment, data, training and technical support 
Will be provided. The contract which is expected to be awarded 
for full scale development includes: 

Fixed price incentive fee 

Tate e@eproriter- 11% 

Share ratio - 90/10 

Ceiling = 130% 
The expected contract for the production options for each of 
three buys includes: | 

tixea price incentive fee 

lancet protite 105 

Share ratio - 70/30 

Seiline.— 130% 

Pic VACr DUG clause addressed the average unit, produceion 
flyaway cost and is similar to the AX clause. An award fee 
will be payable, based primarily “on the air vehicle design 
cost reduction and opnortunities guidance developed by the 
Pee, WEG design trade studies conducted prior to the Critical 
Design Review" (Ref. 76). A second award fee will be based on 
"“supportability, including ground support equipment, training 
and maintenance, design, cost reduction opportunites guidance 
Gevelopeda by the LCC/WTC design trade studies prior to flight 
ComencetirotwUlGE ainerart (Ret. 76). "A vertormance incentive 
Memprovided by the RFP to minimize logistics support costs. 
Piet Source selection 1s Slated to take place in mid-January 


iy oe eroduection decision has been seheduled for mid-19//7, 


Weep fire MrOdieclLon tO eChteruinventory in 1980. 


Game NAVY LIGHIWELGMT FIGHTER 
In June 1974, the Navy issued a pre-solicitation notice 


secking unfunded company assistance in developing a replacement 
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Veenc lt ditenatt. Otters were to be based on a unit fly- 
away cost not to exceed $6 million (FY '75 dollars) for the 
procurement of 400 aircraft to be produced at a rate of six 
per month. The Navy sought to obtain a low cost fighter to 
complement the high cost F-14 aircraft, which was first 
introduced into the fleet in 1973. This new fighter, the 
fren yels imtended to be in the Navy inventory for the next 

20 years. 

By 15 July 1974, seven major aerospace companies had 
meoponacd to the request. ~However, in September 1974, Congress 
medtprecred the Navy's eitorts. Ihe House of Representatives 
eliminated the entire $34 million requested for VFAX develop- 
Heiteminetacwlo7a VEetense Appropriations bial. The Senate 
Anpropriations Committee only reduced funding to $20 million. 
This funding was agreed to by House-Senate conferences with 
Piceotipullativon that the money be used to modify the winner 
ere the Air Force ACF competition to Navy requirements (Ref. 77). 

Navy and Air Force program officials began meeting daily 
in an effort to work out the details of an aircraft designed 
to perform both missions. To aid in adding Navy requirements 
to @he YF-17 ACF proposal, McDonnell Douglas entered into an 
agreement with Northrop to serve as prime contractor for joint 
development of a VFAX proposal. General Dynamics and LTV 
Memocpace Golp. agreed to Offer a derivative of the YF-16 as 
IeTOlMteprovosal.. A JOlnt eng@inecring team was created to 
Momemontedctaniauw( het. 79). (Pieure 4, from reference 8&0, 
lists some tradeoffs proposed by General Dynamics to adapt 


Hic boOercoaMtavy r@uuirenents. 


She 








. ‘ BOUEMO|IY ahueu’) pasnpay - ———4 WIP. ey | | 
papeshed \ a y Jia 
Ayijigede Ja}Je}S jan4 yee - ice. 

LEIS WIV e| ec 7: ace 
aes MeN 16) FO) ee 
hE PZIS d/V PINPSY - » 6—0S dP 
BIGEIeAY | iq? <~ 
a | aulbu3 OOLd + Toyd-—-——Y 689 
0} YMOI) e SU| Op Ul + ZO-NSYV - | WG ‘OL 
Ss St TAdOW 
4O}EUTWNAYI] - » eo PD JONd3y 
Jepey iW uz + Jepey iW'u bp - ~° 


Ayijigeded MOsLedS + 

(a G/IW°U 6p) Jepey paseauduy| + 
SHU] Jeppejg + 

6 PISCAIOU| BZIS + 

dUuIDUZ Ops 


DUI|PUeH Vidy909 AARN 

199q jeUIDIeW e dejj Jabanuy abpz bulpeay 

wu Qze udsade|4 umolg 

SNIPCY 1409S e ae ey Lg ree WS PS 
7 $1239 “Dpy uybuans “woul + : eee 

de |IeAY UDIUNE] MO} 9SON + 

MOJIedS 0} UMOID © U}yOUaIIS “SN4 “wdUy + 


ee — 
—— es oe ree 


SUOILIDUOD SNOILdO XV4A 





PaSHeS 
s},wbay XV4A IV e 






(aJ29S 880 1) 
SL ladOW 





d/V 8Z1S 91-4] 


suoldg “biyu0d | "36, ad!4g yun 


96 





The RFP for the VFAX was issued in October 1974 (Ref. 81). 
Included is a DTC clause to adjust the final contract incen- 
tive fee. The cumulative DTC objective agreed to by the 
contractor and the Navy will become the base figure in deter- 
mining this fee. If the cumulative cost of the firm price 
options requested in the proposal is less than the DTC 
objective, an incentive fee will be increased by 15% of the 
Savings, not to exceed 15% of the target cost. For a total 
price greater than the agreed upon objective, the fee will be 
reduced by 15% of the excess over the objective. The proposal 
BEEenD esto nold he Gontractor responsible Lor reducing ECC 
by including a logistic support clause. This clause estab- 
lashes the requirements for the tracking and reporting of 


Mieco vatca louistic Support Wire cycle cests. 


Pee NWO PROJECTS 

The authors interviewed key project personnel at the Naval 
Weapons Center, China Lake, California. These meetings pro- 
vided insights into management attitudes toward DTC and 
problems facing its implementation. 

Pe Gvaneed One Range Ajr-to-nir Missile Systems 

The advanced long range air-to-air missile system 

(ALRAAM) is currently in exploratory development. Although 
using advanced state of the art technology, DIC considerations 
have been incorporated. A preliminary $150,000 unit flyaway 
cost has been.set. These DTC goals have been agreed to by 


beth tncenayvy and }eDomveli Douglas, the prime contractors. 
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Zc Improved Weapons Delivery System 


The improved weapons delivery system is an optical TV 
or laser tracker/designator to be installed on the existing 
Navy and Marine Corps A-4 aircraft. NWC has invested about 
$6 million in developing a flying breadboard prototype to 
prove feasibility. 

An RFP has been issued for commercial development. 
Although not viewed as mandatory, locally developed DTC pro- 
visions were included. Program costs are expected to remain 
below DSARC thresholds. The RFP set unit cost goals at 
PZ eUUON(EY “73) for the initial production of 150 units 
produced at a rate of 7 per month. This goal was developed 
byapene project office, without benefit of a formal cost 
analysis. 

(iemeecMuendletomels expectca to necomiena tradeoLis 10m 
Sect reduction. Areas for tradeorft include reliability, cir- 
cuit Simplification, temperature requirements and delivery 
schedule. Project personnel, however, expressed a fear of 
beimne Genved cost tracking data from the Navy Regional Pro- 
curement Office. 

ee loomed olan now 

The Sparrow AIM-7F weapon system was initiated in 
ios but nad DiC amposed upon sit in 1973. At this point, 
iany cdesioneparanetens Nad become fixed, including airframe 
Shape and weight. The belated requirement for additional 
Pmaccottetiamels Increaséde program Costs. Design-to-Cost 
was not well received but was added to the existing contract 


with Raytheon. 
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The DTC goal for an improved Sparrow is defined by 
constant dollar, recurring production costs. The WBS was 
used to prepare DTC worksheets from which the DTC goal was 
determined. 

4. High Speed Anti-Radiation Missile 

The high speed anti-radiation missile (HARM) program 
isi inipmovencit Upon the Shrike missile system. The inte- 
grating contractor 1s Texas Instruments COM), MISS ileml= "Os ees 
was applied in 1972 at the time of the DCP. During this 
period, CER analysis was performed and a target of $40,000 
was set for the seeker section, control section, wings and 
miicwand the proximity sensor: This 15 not a complete “fly- 
away" Cost. The initial contract coveredmengineering, proto- 
cya c and pilot pee ols + oma ieses sed eaeve. Onmente Nine wits & 
two phases were CPAF and the third was CPIF. 

The contract required Texas Instruments to make per- 
formance and cost tradeoffs. However, specified GFE could 
too mm onecered lt ltemMctespeciateatlons = | Ihe proj, ect man- 
agers felt that DTC led to many beneficial tradeoffs and that 
HARM became a better system because of it. 

Phe developers of the HARM showed a great deal of 
Soperactlal far-Siphtcdness.s lnecluded in the contract were 
Peveulrese sorcompensabe L£Onm Changes in thesvyalue of money, the 
quantity produced, and the delivery schedule. The Wholesale 
Perec, Indemtor “Metals and Materials" (WPI Code 10) and the 
Labor Cost Index or the Gross Average Hourly Earnings of the 


Pwoduetronsonwers in the vireratt Industry (SIC Code 3721) 
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are used to adjust material and labor cost changes, according 
to the following formula: 
Adjusted price = Negotiated price x Correction factor 
where: 


Negotiated price = unit target price negotiated 
tO ene flrst production Comenact 


Gormpection t4actor =) 0 Wel matio) +) .50 (LCI ratio) 


The schedule adjustment will be made in accordance 
with an agreed upon cumulative average unit cost versus 
quantity curve. A change in this learning curve will adjust 
the price according to an agreed upon formula. By using a 
combination of the two adjustments, the unit target price 
can be adjusted for both quantity and production rate. Any 
ehamoes Ordered by the Government will be pre-priced so as 
to constitute an equitable adjustment to the DIC target 


price. 


100 





V. CONCLUSIONS 


Several assumptions and conclusions may be derived from 
this study. These serve as the basis for how the authors 
view the DTC problem. Their opinions fall into two areas: 
what DTC is trying to do, and major problems that still 


Dersis &, 


pee ruURPOSsE.SOF DESTGN-TO-CGOST 

IimwoOrcchuto Properly understand BIG. one must view this 
Dowie svi Ptswie~otOrtiGal perspective. 1ts relationship 
to other reforms, and general problems facing DOD procure- 
Pew estan to-GOst tsesamply another tool intended to 
SOpeenitneduUdceLary Testriecions and public criticism tacing 
weapons system acquisition. Not intended to stand alone, DTC 
secks a systematic approach to cost control. Costs are being 
Miimogwectsacma —scrious decsion parameter for the first time. 
Iiifeneasing CoSt awareness has affected designers as well as 
Pole COstecstimatine relationships are being developed in 
Rae weeOmoGopecumilanclal meeds. ~frackine Capabiliti¢cs in 
PicmtOnlmomes LanddralZedsaccOunting, and reporting procedures 
aide hetoimie prograns Under cantrol, 

GECaucmEcipnasts ic being placed upon Ra). Program man- 
asers are being tasked with evaluating design iterations and 
Daupanetcr tradeotfts. Cost reimbursement contracts encourage 
wider studies, sccking innovative epproaches to problem sol- 


PeMOMPEmConmihactorn flexibility 1S incnemecd through use of 
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Petr onmirnecmspccittcabions. Developers are encouraged to 
help draw up RFP's, setting goals and thresholds. Compe- 
tition and tradeoff analyses are being applied to optimize 
designs. 

Setting of cost goals has pushed advancement of CER 
Smoke Litre cycle Cost control 15 deemed in the Best 
interests of the Government, but has encountered numerous 
problems. Unit production cost goals, being easier to de- 
termine, have been adopted as an interim solution. 

The intent of DTC is to apply lessons from the commercial 
world. Vast experience exists in developing marketable 
peGduGeS . cOSt contro! procedures, and development team 
management. Several legal, political, and policy constraints 
Pace worVrcucc ole 2accentasce of commercial practice. 

piles procress 1S belne made, a ereat deal of Jearning 
and change of attitude must yet take place. Modern manage- 
iene principles, encouragine lower level participation, run 
counter to established central authority and accountability. 
Consecutive Contracts still resemble total package procure- 
tm COsteCSEIMaLING =proccdunressrcauire fturtmner development. 
Finally, there are those who, for many reasons, feel that DTC 


Cannot Work. 


DeeUNANoT ERED QUESTIONS 

Severaieancas neea further development if DIC is to 
CWemeehas -dmverLw@ective procurement Strategy. While not all 
Pielustves tiie list of auesnions presented below represent 


Cire mtniitamdocined Critical by the authors. 


102 





it Preewan Credibility 


The DTC program has encountered considerable skepti- 
cism among developers who feel that weapons quality is being 
degraded by purchasing "cheap" systems. These old habits 
and ideas die hard, having negative impacts upon morale. 
ipo tttutcton of UPC for LCC, cost and technical uncertain® 
ties, and conflicting policy interpretations have led to 
confusion. Goal verification, management restrictions, and 
political pressures have shown that DTC is not a cure- all. 
Convincing participants that DTC is a viable concept and 
HetemeOrstdaveds Vital t@ Jts ultimate success . 

ee Me Olls es cone NECOUNGIne | Det int tLonms 

Problems related to defining cost parameters have 
miaersca the Searcen for historical data necessary for CER 
formulations. Such difficulties can be related largely to 
definition and accounting procedures. Industrial practices 
such as allocation of overhead may comprise two-thirds of 
EmecmECtal costs, Lor aeronautical contractors (Ret. 51). 

Other variables not explicitly shown in aggregate costs in- 
clude schedule changes, ECP's,.management ability, political 
Cenc Glo mmeonpecltive presscurcs, slearming ana financial status 
Ste ene OneradetoOn. “Operations and Suppore costs may be maskea 
Dy appropriations categories, industrial funding procedures, 
and other accounting practices. Varying mission demands, 
Staffing levels, and support availability further complicate 
famareolleetion, A system of uniform definition and account- 


Wigepractices 15 vital to the collection of meaningful data. 
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ee Otol Upon umet Production Costs 


The selection of UPC targets is intended as an interim 
Hore toOMm to Ul goals. Socveral intluences encourage prolonged 
usage of UPC. Production cost levels are more visible than 
overall tCC. Designine to low LCC may tend to raise UPC. 
Pome oleractor DeEGins tO Overrun cOStS, his attention con- 
eEentrates upon UPC to avoid loss of contracts. There does 
not appear to be any great pressure from DSARC to move from 
Ueemooals. balances, béetweem UPC and LCC are not specified 
as general policy. Congressional funding procedures involve 
Separate subcommittees and budget line items for development, 
production, and manpower/logistics. 

4. Disregard of Operation and Support Costs 

Poe etOm lO MocemnressUtecs navoring WPGC, there 
appear to be factors discouraging close examination of O§S 
Sets Olle COStS Gre ditiiculte to determine. Projections 
can be validated only in the long run. Usage and support 
plans for the entire life of a system are not possible in 
many cases. Enforcement of any O&S goals over the long term 
Pomes t) dit hem t. 

See DSoree OL eotanidardizat lon 

Many informal guides have been drawn up to aid in 
iis rciiiveronmon cChenals DIG poltcres sumebach project Of£LICE, 
NeWeVvcr  wiasenad’tO WOrk Out Many practical problems by it- 
self with very limited assistance. Attitudes toward standard- 
wZatron Varyoms |he Air Force, seeking to maintain flexibility, 


Potdoe milo Standard (het oc) 2 ThesAcmy, on the other 
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hand, seeking a unified approach, standardizes as much as 
possible (Ref. 83). Various studies indicate that DTC appli- 
cation varies with management personalities and experience. 
This variation is displayed in goal makeup, definitions, 
methods of goal selection, and varying means of making 
tradeoffs. 

Without a standardized approach, each project is 
allowed to select its own ground rules, providing no basis 
for costfeffectiveness comparisons. Industrial inputs to 
G@everopine REP s seek favorable parameter definitions as cach 
contractor maneuvers for competitive advantage. Cost goals 
vary by project, including various combinations of recurring, 
non-recurring, R&D, profit, and LCC expenditures (Ref. 43). 
Micminne hot MmrOdUlculOn an. vigiGic, Os Cost ¢cals yary 
ite erOcedures fon handling contractual changes are not 
Poateiedddressed. se Criteria tor usace Or GFE care not clearly 
defined. Requirements relating to subcontracting do not 
follow an established pattern. 

Standardization, especially for RFP's, would seem 
desirable. Inputs relating to miSsion scenario, minimum 
DetrOcnaneecwerecliability, delivery scheaules, support areas, 
and definitions should be common to all programs, as also 
Pecommnenaqcampy wererence 84. ~]his 25 currently not true. 

6. Unusual Cases 

There appears to be doubt concerning which programs 

Should have DTC applied. Those projects having low R&D or 


high production costs should lend themselves best to JTC. 
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In cases where few items are produced, the benefits of DTC 
may not amortize R&D expenditures. Critical systems vital 
Comlattonal Security mayeresist DIC application. The Army 
Pa ocmEt ww recaulines thateniG be Used everywnaere except where 
Slenedacetons are determined mot to be in the public interest 
(Ref. 85). Procedures for defining such exceptional systems 
ame noe delineated. 

(= Quantity of Kab) spending 

One of the basic R&D aims has been LCC reduction. 
Increasing R&D spending beyond certain levels will normally 
Show diminishing marginal returns. The question of how these 
relationships are traded off still remains. One commonly 
used approach sets the UPC target as a design constraint. 
Designs aré managed as necesSery to meet this gost. An 
ambitrary figure thereby becomes a rigid parameter, and 
SueimieZa trol possibilities sare dinanished. Parametric anal 
ysis must be developed to replace qualitative guesses by 
managers. 

High R&D costs related to DTC are aggravated by cost 
reimbursement type contracts. Rules must be developed for 
Seteln CO mialncine Limes Loy Gltferenu coneractors with vary- 
mie sci pabadlasuies : 

C2 a tae ononrtaccs 

SIMeEeacsrObLmtS £Ontecadi COstmGaba present the diggest 
Slimline ohocks: CO development, of paramctric CER capabili- 
Pleo. var touomuctiniacions and accountings systems contribute 


to these problems. Ditferent data banks are used by contractors, 
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project offices, Naval Material Command, and CAIG. Each 
organization defines its own parameters and uncertainty 
levels, based on its own sources of information. With each 
cimetey Cevelopmine its own data for 1tS own purposes, there 
feoltrleenouc fOr Mich amprevement in the near future. 
woe kag idity 70 Goals 

The firmness with which cost goals are applied has 
been a source for concern. Absolute thresholds which require 
DSARC approval for additional spending involve delays and 
PrTcOUuLdge VlUrsult Of Promising technologies. Performance 
PwwOw MaximMmeZcd, SUb)ece to a ibuduetary constraint. Flex- 
ilemeOals May elGouTage further intelligent tradeoffs, but 
Peeone ome udlenteilEetouentOrcc. ) (hisemaysresult In 1reéturi- 
Diol cus teste tacallon “atronale, |lhesesunohlems apply 
Eon subcontractors as well - | 

TCM tp aicwltles sare tyoicabaot L1elds involyine 
new technology and high risk. Program, schedule, and engi- 
meecrinegmenances ail ampact upon thesergoals. Until develoners 
Gan dertine, design, analyze, and estimate costs for each sub- 
System, this problem will remain. 

10. Planning Problems 

UNGCiRedincles «related to prooram eevelopment greatly 
restrict long range planning capacity. Single-year funding 
by Congress causes managers to focus largely on current 
developments wnases. “Several factors control the size of 
annual program budgets, including threat analysis, system 


Vicor iat sOn ge amd PpOlLelcal eonsiderations. AS a result, 
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Managers are continually having to "sell' their programs to 
avoid cancellations or cutbacks. Long range planning 1s 
impossible in this environment. 

Jl. Management Reserves 

Research and development efforts have a special need 

for reserve funding in order to take advantage of new dis- 
coveries or overcome unforeseen problems. Such funding must 
be accessible in sufficient quantities to provide required 
program flexibility. This money may be difficult to account 
for if placed at the program manager's discretion and may be 
icedsto cover bad judgement. For these reasons, such finan- 
Cial Support is often severely restricted or unavailable. 


12. Cost Uncertainties 


ct 


Estimatins cos 


g is always difficult when dealing in 


uncertain technology. Industrial engineering approaches 
normally provide point type estimates, accepting errors of 
unspecified size, due largely to technological limitations, 
cost omissions, and excessive optimism. Parametric CER's 
mOormally provide confidence intervals, allowing for errors 
end Vemovime MeECessity for “paddine” estimates. Large un- 
certainties may be virtually useless, however. Such errors 
on a subsystem basis tend to stabilize in the aggregate. 
Other areas, dealing with schedule and requirements changes, 
provide additional problems. More CER experience and stand- 
BeolccdmaceOQuUnrille Dractlees Silouldgard ian alleviating this 


problem, 
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13. technical Uncertainties 
Designers face a dynamic environment as they advance 
the state of the art and expose new problems. Weapons tech- 
nology faces a constantly changing problem as the enemy seeks 
to conceal capabilities and intentions, while actively at- 
tempting to complicate threat analysis. Sufficient invest- 
ments of time and money can buy nearly anything. Managers 
are therefore faced with difficult decisions of whether 
proposed solutions are worth the effort entailed. 
14. Problems of Enforcement and Incentives 
Design-to-Cost attempts to provide a means by which 
designs from one source are built by another, and maintained 
iar third. according to an undefined usage and support plan. 
Experience has shown that award fees are not as effective 
as competitive pressure for holding down costs. Program 
cancellations appear to be an idle threat, especially for a 
Critical system. Competition for follow-on contracts places 
iapplor COntnmactor in an adyvantaccous position. Future con- 
tracts must be worth competing for or a de facto total package 
PEeCcineNemessttiaLlon arises: Actual Operations and support 
PO ecm iGtumdtteet PLOGUcCLIOnN CONntLaccs .. Contractual 
enforcement Of these costs provides a difficult problem. 
fo. contractor ODbimism 
Undue sONtIniSi 1s al inmate probien where pressures 
Het TOeconpetileron dnd=progranm approval. tthe Government 
is, in many cases, unable to take its business clsecwhere. 


MOnCcOnEmIGlOr GCOSt seoGStiMmates theretrore emanate from a 
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conflict of interest situation. Until valid third party 
cost estimating capabilities are developed, this problem 
hometebe solved, 
16. Soureesoeclection Procedures 
In order to deal effectively with technological and 
cost uncertainties, industrial inputs are required in prepar- 
Meme SS.  COntractor £reedom, allowing widely differing 
approaches to a problem, promises to make source selection 
fonerditthiculte. — Comprenecnsive Source selection criteria 
must be developed and communicated to prospective contractors. 
17. Technical Transfusion 
Industrial inputs to the RFP lead to another problem 
Suede NealiseMUSt be provided CO Protect a Contractor's vre- 
punctary (ddecmen Unique approach Jt this 15 not done, com- 
peting contractors will withhold such information, decreasing 
Ptcmetiteerlvyeness of ianatial planning so yital to the entire 
program. 
foe clalvel Vevelounent Costs 
Parallel development and duplication of effort are 
Picnic lo mMuoOmele CONpPeticlve ENVIbolment. | oUcCh practices 
greatly increase the level of R&D expenditure. Reduction 
of LCC requires that additional development spending be off- 
set by subsequent savings. There docs not appear to be any 
feasible solution, except to minimize those unnecessary areas 
where efforts are duplicated. Criteria must be developed 


HPOUsGChAbingmbee tO Uevels vot competition. 
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19. Maintaining Shed tive. 


Limits to R&D funding curtail research for better 
ways to meet needs. Further limiting creative efforts are 
policies of standardization and use of GFE. The balance 
between creativity and simplified logistics is an open area 
for study. 

20. Project Manager Status and Motivation 

The role of the project manager 1S central to a 
viable DTC effort. Tradeoff authority requires ability and 
training. Professional development combines line officer 
experience, to comprehend needs, with staff corps background, 
to deal effectively within the bureaucratic environment. 
Decision authority should rest at the lowest practicable 
Meyeis to ailow quick response. The ccmplexitics rclating 
PeomclZceldtubensanad aperegate Cr&icets Ofechanees complicate 
this issue. Stability of management teams would help avoid 
errors due to inexperience and resultant management by direc- 
tives. Motivational problems result from inadequate profes- 
Sional background, fast rotation, unavailability of saved 
ome vem iliitary Structure, political pressures, and heavy 
reporting requirements. Unless these problems are solved, 
ay wiinatciiemt eLirort will be crippled. 

Jie ecerourlts 

Maachiprs tO Vetmoilt programs wich UTC goals have 
hodenegative impacts upon d@yelopment. In many casés, system 
deshiwncminve Stapllized and tradeort possibilities are limit- 


ed. Design-to-Cost then receives littlé more than lip service: 
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The poor reception given retrofits results from late intro- 
duction of critical cost parameters and violates the whole 
imgent of DTC. 
22. Delays in Change Review 
Compulsory high level approval of program changes 
results in costly delays. These, in turn, result in fewer 
change proposals and fewer improvements. Participatory man- 
agement seeks low level review, but may jeopardize overall 
program control. A system is needed for establishing 
aperoprlace Change review Levels. 
23. Contractual Changes 
EROCcCCmesmnOl COMEhaetUar ddjustments are only rarely 
addressed in present DTC contracts (Ref. 86). These contract 


a 


TE6EVisicG 


-_ 


is Ce mw eee ended Grepilien. ~Ouestions arise 
SOmecrnine what Kind of revisions impact DIC goals, and their 
quantitative effects. Change procedures must be addressed in 
emeentorceable manner . 

oo, Determination of Essential Requirements 

Thewssetting Of Unnecessarily high performance thresh- 

olds has compromised DTC (Ref. 43). Intelligent application 
Gemerredewanalysis tempered by GCOntractor inputs must be at- 
Painledwecancelaliy LOr critical Systems, 15 room 1s to be 
Puevicedeton eradecorss . 

25. Program Review and Control 
Control of programs has historically been a difficult 


areas lradwveronal RGD wuneertainties aréfageravated by DIC. 


Conflicting demands, between modern management practice and 
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control requirements, favor low and high level management 
Peouiewwenespectively. This situation 1s further complicated 
by political intrusion. Finally, impositions of DOD manage- 
ment reporting systems may overlap and confuse a contractor's 
own system, causing duplication of efforts and higher costs. 
Z05  Gontractor Plexibi1 lity 
PlextDlithy stSwesSentlaleta CONELaACtor Creativity . 
Pursuit of unusual approaches, especially under cost reim- 
buUrsement Conditions, may be difficult to control. Conflict- 
ing needs for accountability and design freedom must be 
resolved. 
we Wien wGost Goals shoulda Be Applied 
CoMmmibtets vexist COncerming timningmor cost inputs . 
iPeincncameced EGgmearlvy in Conceptual stages, cost consider- 
anetons May Limit explloration. “Excessive delays for cost 
Mpitsce result im thelr desyaded emphasis. ‘Cost parameters 
then assume the form of a retrofit. Policy determinations 
mens area) ane necessary . 
28. Operation Usage Definition 
Mecuudwe Geseripeiens Of MOperatlonal Usape are critical 
to LCC determination. Clear agreement must exist concerning 
O&S inputs as well as quality of maintenance. Such deter- 
mination for a long lived system involves many variables. A 
means must be provided to allow real life deviations from such 
Peedi cr Lonse 
Zoe Elaniteeion of Vetailed Specifications 
IheweGntIimnUcd=existence of detailed desien specifi- 


cations illustrates the reluctance within DOD to emphasize 
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peewee 6 


performance goals. Being input-oriented instead of output- 
oriented, detailed blueprints restrict system capabilities 
by limiting R&D avenues. Such constraints must be removed 
eOnaliow COMtUractors room for Creative efforts. 

30. Uses of Saved Funds 

Prudent project management seeks reductions in costs 

to taxpayers. Funds that are saved in this manner do not 
beeote available for other uses, however. This reduces the 
cost cutting incentive. The possible uses of such funds and 
their accountability pose productive and interesting topics 
hOm EUGeEner Study. 

Sl erotocype looling 


The types of tooling used in building aircraft 


" 


pretotypes have been shown to imvnact upon source selection. 
Use of expensive production type tooling tends to lower risks 
associated with production cost projection. Changes to this 
PvpewOr TOOLING dare not Casily effected and are done at high 
SOc ee talce Dutt PrOtOeypes, Cll the Cther hand, are cheaper 
to Construct and change, but haye higher cost projection 
risks involved. Questions then arise concerning whether 
such risk reductions warrant the greater expenses involved. 
Present competitive efforts between these approaches do not 
Provide the wdirect comparisons meeded for efficient source 
selection. 

eZ Esealationsractors 


Inflationary times such as these require special 


AEC LOnwbecariven tO Chanmves ini price indices. 


114 





Presently most contracts use one price deflator for all costs. 
This 1s not realistic in industries where relative price 
Sioiccomatirenm drastieGaliy between diftterent program inputs. 
imeelLexipie prieemdetlator 1s required to correct this situa- 


tion. 
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VI. RECOMMENDATIONS 


Design-to-Cost is a relatively new approach to DOD pro- 
Sreenient and 15 Still undergoing transition. As experience 
grows, many current problem areas should become less trouble- 
some. The large quantity of philosophical material that is 
now available does not provide detailed guidance for the 
mcla practitioner. This study attempts to bridge this gap 
With specific recommendations and to examine their effects 
pon present problem areas. A brief summary 1s presented 
MmccGulon Boot thas chapter. The reader 1s left to draw 
his own conclusions concerning the efficacy of such recom- 


= -] ae e ° ° 
Memack 2cCclons unpcrm his own project areas. 


A. RECOMMENDED ACTIONS 

The associated list of recommendations represents a com- 
pilation of those items the authors feel are required for a 
successful DTC program. While not a comprehensive list, 
these proposed actions are ones which have been disregarded 
to some degree by the various programs studied. 

iP oeiuemec USic of Pertormance SpecthiGations 

Laying the burden of proof upon those who would 

iMcatSe UPGImaesIel Specitications wall icause thanking to be- 
Come output-oriented. Program managers can intelligently 
6valuate altegmative approaches against m2ssion performance 
See ti a wetinds Will wmequire tewer formal changes and asso- 


Serre amiuew ay se eWilLlO wSsSuring desired output. Clear apreement 
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upon what is really needed will direct R&D efforts in such a 
manner as to take best advantage of contractor originality. 
source evaluation can be compared against desired performance. 
The buyer merely asks whether the contractor is offering what 
1s really needed. 

OiPeneenetaciveua de-molecheise Of SPecItIcations may 
impact adversely upon unusual or highly complex programs. 
Cost uncertainty may increase since the buyer will not know 
the exact type of system he is buying. 

eoeeocandardized Desion-to-Cost Approach 

Recent history indicates that many DTC projects work 
with little crossfeed between them. With no Government 
"memory" upon which to draw, individual managers continually 
ao Viole cm Imcct, Sy we Meee ave GCS Hes eoun Tana srent 
approach and definitions. Cost targets include everything 
Mon reclrrine Nardware to all associated costs. Lip service 
only is given to LCC in most cases. With no common denominator, 
it is impossible to directly compare programs. 

Insertion of DTC clauses into ASPR will enhance 
credibility by showing that DTC is here to stay and force 
iovelopmememoncChR State of the art. Universal acceptance 
of guidelines will help standardize accounting practices and 
provide adequate tracking measures using a C/SCSC format. 
Common understanding and procedures will aid in planning 
Mgitcenentmr eserves, Source selection; and contractual re- 


negotiation. 
Th@ pursuit of complete standardization should not 


disallow novel approaches to unusual problems. 
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Flexibility should be provided for each system type. Appar- 
ently discredited practices, such as total package procurement, 
may still have their place. Competition with parallel costs 
is not always justified. Criteria must be developed to justify 
such activities so that development creativity is not sacri- 
ficed on the altar of standardization. 
3. Common Data Bases Universally Available 

Data shortages related to historical experiences are 
EiewbtcceSt Obstacles to a Cost projection capacity. The 
Department of Defense is the world's largest buyer of equip- 
ment. By pooling resources, such experience can be preserved 
in an accessible manner. Each developer would then have access 
to the largest data bank possible. Standard accounting pro- 
forces UNiChatamemme. COOPCVaLLomM, and GaSe cz planning. 2 
iso aids in program control by eliminating unpleasant sur- 
prises. Increased planning confidence helps set financial 
reserve levels. Common data pools aid in management reviews, 
eliminate delays, and simplify source selection procedures. 
Unusual programs are easily distinguished and can be treated 
eeecoraqingly, A centralized computer lookup under cognizance 
of CAIG will permit immediate access and instant update of 
operational usage and C/SCSC formated development data. 
Suchet low GL eIntormation 1S e¢Ssential to any successful DTC 
program. 

ae Avoid Retrofits 
Retrortts of DIG have becn poorly received by engineers. 


Attempting to optimize a design with new parameters added later, 
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RetuinccmanwihOlhesnew Rab errtOoreg. For this reason, retrofits 
Rave not been properly implemented. This problem should 
decrease with passage of time as new programs implement DTC 
in initial planning. 
eee GOoLrcsstonal ee nojece, Manager 

The status and capacity of the project manager greatly 
gemeers the development Of a program. Expeditious handling 
of problems and changes avoids costly delay. The project 
manager has often had his authority limited by charter, 
Pence eilie (iSedbrlitv tor approve tradeoffs. Most project 
managers are not professionals in the procurement field and 
Hovneavily upemeeheir Own limited expermence. The successful 
ihre Officer, as not necessarily the best manager. 

Diem iigeinectenemcarccr mgt be creatlivy uperaded: Part- 
time managers must be replaced with competent professionals 
who know their work and whose judgement can be trusted. Suen 
Peperson Musume Teguired to demonstrate his competence within 
Piemomoyecesbetore being advanced to leadership positions. 
Ceeontinley mist exast €O prow With a project. Such a manager, 
having been promoted from within an organization, should retain 
Pie mpoo Lemon cO allow surther personaly development. People 
Cyarced@ gene such High eCxpendleures, fer vical combat Systems 
should be provided commensurate opportunities for further 
advancement and status. Until such a dedicated and professionai 
approach to project management is developed, there can be no 
TOrMMClOnmtOmerrors and restrictions attributable to inexper- 


Lence. 
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Teo y cost keedback to Engineers 


Traditional management approaches, seeking to preserve 
Creativity by isolating design engineers from cost implications, 
are being changed (Ref. 87). Feedback of costs is common in 
commercial industry. Several methods may be applied, depend- 
ing on the company or project involved. Inclusion of produc- 
tion engineers in design teams, detailed cost sheets, parts 
count bogies, and elaborate computer outputs are being used 
by various projects. Fast, accurate feedback can affect 
selection of designs, materials, and manufacturing tolerances. 
Incentives such as awards, peer pressure, evaluations, merit 
reviews, and participation in submission of proposals have 
Shown demonstrable beneficial effects. 


7. Hold Preject Managers Accountahle 


iz(ore Operation and support Costs 


Managers tasked with procurement do not normally con- 
cern themselves with 0§S cost (Ref. 27). Manning and logistics 
problems are faced by different individuals and are, therefore, 
mot as visible to the designer. Logistics support, relia- 
bility, and maintainability must have a strong input to the 
DCP. The program manager must be held responsible for these 
areas. Reliability data (mean time between failures, mean 
PrVeetOmbepain. Maintenance Aours per operating hour, turn- 
around time, ctc.), personnel requirements, support, and 
training must be given carly consideration and included in 
tradeorts — imadeoft studies can be fed into data banks, 
Stplity ineelat®a dcsicgh iterations. Hypcriénce can be gained 


only by forcing LCC considerations. These demands must then 
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be specified contractually in a quantitative manner. Such 
actions will provide for better general awareness of the 
eitire VIC problem. 
S. Multi-Year Funding 

Single-year funding procedures, while providing 
Congress with some measure of program control, result in 
SOmemuine Uncertainty on the project level. Introduction 
of multi-year funding with its long range stability will 
greatly enhance project planning. Visible relationships 
between R&D and other costs can be established. Program 
changes can then be integrated into an overall structure. 
Such a structure is essential to any well planned management 
effort. 

Cee ean hates winem ewviad lab le 

Un iiered contractor £lexibility may encourage 
development of non-standard parts and subsystems, causing 
long range logistics problems. Requiring usage of standard 
Parts where practicable lJlowers RGD and tooling costs. Advan- 
tage can then be taken of long production runs and learning 
effects. Long range reliability data related to standard 
parts removes technical uncertainties and allows firmer LCC 
proyecectlons. 

EO) Ome dls Examination Of Requirements 

(iempmeactice Ofedesignine by commitcee has led to 
attempts to please everyone, resulting in the necessity to 
Constantly advance technical states of the art. Contractor 


optimism contributes to the setting of unnecessarily high 
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thresholds which leave little room for tradeoffs. Design 
then begins to focus more upon performance than cost. Goals 
must be ranked as mandatory, significant, or desirable within 
a mission scenario. Unless flexibility can be provided to 
developers, there can be no hope for successful cost control. 
Mite viultrp le Contractom: hOpOsals 

Manufacturers may view several ways to solve a 
problem. Potential proposals which may fall slightly short 
See teireshnold are withheld for fear of being declared un- 
responsive. Allowing contractors to submit secondary proposals 
which nearly meet such objectives, but at significantly less 
cost, may lead to reevaluation of threshold criteria. This 
may help solve problems related to overly stringent require- 
ments. 

Ze CONit deroOn Nar ranc les 

The basic DTC problem is now to include reliability, 
fotheainabilicy sand mannine levels in addition to UPC as a 
Standard for the LCC goal. Traditional use of unilateral 
award fees entails little risk to contractors. Warranties, 
Hike wMercasiie yacQquisitlon costs, will shitt LCC risk to 
contractors and increase their interest in the problem. Life 
cycle usage and support must be defined and agreed upon, how- 
ever. Maintenance not in strict accordance with contractor 
Specifications may void these warranties. In addition, 
Puede rlommuiiens cats Iouictitical to replacement of defective 
Weems. A Shioresranpe Warranty requirement would be desirable 
asd step an tie proper direction, Wntil more *experiece is 


gained. 
e2e2 





isamerOOltracter Malntenance 

Requiring a contractor to maintain his equipment for 
a limited period after production will shift his interests 
toward reliability and maintainability. Usage of fixed price 
or cost sharing contracts will spread LCC risks from the 
Government. At the same time, cost histories will be estab- 
isicd 10n later use. Contractor maintenance promises to be 
more flexible than use of warranties, taking advantage of 
existing commercial logistics systems. Contractor familiarity 
ean be best used tor non-deploying equipment such as large 
missiles or for major overhaul of those systems that are 
highly mobile. Periodic reopening of contracts can help 
avoid problems associated with total package procurement. 

croc one mactual Change Procedurcs 

Those assumptions used in defining DTC goals (quanti- 
ties, delivery rates, periods of time, etc.) must be held 
constant if these goals are to remain valid. Impacts of any 
changes are not normally addressed, however. The Army merely 
States that adjustments from UPC goals will be done in an 
equitable manner (Ref. 86). The Navy restricts changes only 
COpenOsecwanecas OUtSide the control of a contractor. fo avoid 
Hiesvoderacandine, littoation, nd program disruptions, it) is 
Seconmmenccae tinal Chace tormulac De Ineorporated within con- 
oct omammminclucde Only those atems Mavinp a direct bearing 
upon DIC goals. This should be of greatest benefit in those 
Moonie tema cOntractors buys imtoo’ @ contract in hopes of 


recovering losses by means of "get well" changes during the 


Cours or weve lopment . 
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i slow mervices to Keep Part of CositeSamwings 


Current policies denying the services use of money 
saved by prudent management decrease incentives for effective 
SUSteCOULTOl me, LTeturming eto the services a given percentage 
of these Savings, this incentive may be reinstituted. Such 
funding could be used for further research or applied to 
PautieemMenlnt Leseryes, thereby benefitine all concerned. 

HO elie reasca Enpnasis Upon Competition 

DUP Momence eurse Of seals Study the authors discovered 
cases where source selection appeared to be winexpl 1cabily 
limited, even in cases where contractual relationships had 
historically been unsatisfactory. Such cases must be mini- 
mezed.  COMpPeCtitive pressures, except in unusual Situations, 
have been shown to be more effective than unilateral awards, 


iiceluying sthewimereased development spending: 


B. SUMMARY OF RECOMMENDATIONS 

Relationships between defined problem areas and recommended 
lerioussare summarized in Figure 5. The ampact of a proposed 
remedy upon these problems is shown by a plus ( + ) or minus 
( - ) indicating potential improvements or aggravations, 
respectively. Areas having no anticipated or unknown impact 
ipemlciteptanne Due to the Varieties of programs and associ- 
ated conditions, no attempt can be made to guage the magnitudes 
Sef these eftects. Rather, this should aid in delintating 


Speelalized Studies relating to each individual program. 
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